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Only C-L-X 
Sealed Cable Systems 
by Simplex 
Can do so Many Jobs 

so Well 


Simplex C-L-X is a packaged combination of cable and 
an extremely pliable, corrugated metal sheath. It 
requires no separate duct or conduit regardless of 
environment. It is available with steel sheath and 
plastic jacketing; and with copper or aluminum 
sheaths, with or without plastic jacketing. 
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By using a single length of 3-conductor 15KV C-L-X 
for both underground and aerial use, a Southeastern 
utility company saved more than 20,000 dollars from 
what it would have cost for a complete underground 
duct system. 





Conduit life in this company’s calcium chloride rec- 
lamation building was only 6 to 9 months. The 
conduit was replaced with a C-L-X cable system which fs 
— after two years of operation, shows no signs of ¢ 
deterioration. é 


rrol i APaiNst LIQuids ] (,ases a 
An East Coast petroleum tank farm used a C-L-X k 
8-conductor cable protected with PVC for direct burial . 
in ground that was saturated with oil, gas and water. 
Result: Perfect performance at a sizeable savings a 
over conduit systems. p 


Only Simplex C-L-X offers you: Exceptional Strength 7 si 
... Unequalled Pliability . . . Protection from Liquids 
and Gases... Faster Installation and Lower Costs. h: 
Send for Illustrated Brochure containing Application 
and Engineering Data. a 
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Is your future up in the air? 


As the communications needs of our nation become steadily 
greater and more complex, the Bell Telephone System is 
continuing its pioneer work in microwave by “taking to the 
air’ more and more to get the word across. 

To this end, Western Electric — the manufacturing arm 
of the Bell System — has the monumental task of producing 
a large part of the microwave transmission equipment that 
knits our country together by shrinking thousands of miles 
into mere seconds. 

In spite of its great technological strides, the science of 
radio relay is a rapidly-changing one. And new break- 
‘throughs and advances are common occurrences, A case in 
point: our Bell System “TH” Microwave Radio Relay. This 
newest development in long-distance telephone transmis- 
sion will eventually triple the present message-carrying 
capacity of existing long-haul radio relay installations. A 
full-scale system of 6 working and 2 protection channels can 
handle 11,000 telephone messages at the same time. 

To make microwave work takes a host of special equip- 
ment and components: relay towers, antennae, waveguides, 
traveling wavetubes, transistors, etc. But just as important, 


it takes top-caliber people to help us broaden our horizons 
into such exciting new areas as communication by satellites! 
And microwave is only part of Western Electric’s oppor- 
tunity story. We have—right now—hundreds of challenging 
and rewarding positions in virtually all areas of telephony, 
as well as in development and building of defense communi- 
cations and missile guidance systems for the Government. 
So, if your future is “up in the air,” you owe it to your 
career to see “what's up” for you at Western Electric. 


Opportunities exist for electrical, mechanical, indus- 
trial, civil and chemical engineers, as well as physical 
science, liberal arts, and business majors. For more 
information about Western Electric, write College Rela- 
tions, Room 6104, Western Electric Company, 195 
Broadway, New York 7, N. Y. 


MANUFACTURING AND —@) UNIT OF THE BELL SYSTEM 


Principal manufacturing locations at Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Winston-Salem, N. C.; Buffalo, N. Y.; North Andover, 
Mass., Omaha, Neb., Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla. Engineering Research Center, Princeton, N. J. Teletype Corporation, Skokie, Ill., and 
little Rock, Ark. Also Western Electric distribution centers in 33 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway. New York 7. W. Y 
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How advanced 
Steam generating 
practice 
helps keep 


power costs down 


Heat energy released by the combustion of fuel gener- 
ates about 80 per cent of America’s electric power. And, 
during the decade just passed, Combustion Engineering 
supplied over 40 per cent of the new steam generating 
capacity added by the nation’s electric utility industry. 

Because of continuing technological progress, post- 
war inflationary trends have had little effect on the unit 
cost of electricity to residential and industrial users. In 
fact, the average cost per kilowatt-hour the country 
over is much less today than it was in the thirties. The 
ever increasing efficiency of converting the heat energy 
of fuel into electrical energy, as evidenced by the coal 
consumption rates listed above, is the principal reason 
why electricity continues to be “America’s best buy”. 

Combustion Engineering, through its development 
of new and improved boiler designs, has been a major 
contributor to this advancing technology. These devel- 


COMBUSTION ENGINEERING 
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Institute 





opments have made possible the use of ever higher 
steam pressures and temperatures and larger turbine 
capacities. (The capacity of the average turbine pow- 
ered by C-E Boilers has more than tripled since 1950.) 

These and other advances have helped the electric 
utility industry to counter the effects of inflation. This 
has been good for everyone — American homes and 
American industry alike. 


Eddystone station of Phila- 
delphia Electric Company. 
Here, two C-E Sulzer Mono- 
tube boilers, each powering 
a 325-megawatt turbine, 
went into service in 1960. 
Both operate in what is 
called the “supercritical” 
range. The first is designed 
to produce steam at record 
pressures and temperatures 
— 5,000 pounds per square 
inch and 1200°F, 
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Too Much Pap? 
FROM FREDERIC LANGMACK, 56: 


The “word” passed to all M.I.T. Alum- 
ni and to the general public in The 
Boston Herald’s mammoth §supple- 
ment and in all alumni correspondence 
is that in its second century M.I.T. 
will be centered around, but not ex- 
clusively devoted to, science and tech- 
nology. I, for one, am glad to see that 
the Institute is broadening its role in 
our society. There is no doubt that 
without the continued financial sup- 
port of Alumni, M.I.T. will not reach 
its new goals. But I would like to sug- 
gest that there are other ways in 
which Alumni can help the Institute 
progress. I would like to suggest a 
method of tapping the intellectual re- 
sources of all Alumni. Too often, I 
fear, only those Alumni who hold 
teaching and administrative positions 
in the Institute are in a position to 
contribute ideas to the Institute. 

In keeping with M.I.T.’s evolution 
from an institute which considers 
only objective facts to an institute 
which is also concerned with the dia- 
logue of the mind, I propose that The 
Technology Review’s concept of itself 
be broadened and deepened. Frankly, 
during the time I have been reading 
The Review, I have found that it con- 
tains too few thought-provoking arti- 
cles and too much “aren’t we great” 
public relations pap. At its worst, 
our alumni magazine contains only 
a watch-me-climb-the-corporate-ladder 
“Individuals Note- 
worthy,” and a review of the latest 
Buck Rogers gadgets developed by 
Institute personnel. In short, too often 
our alumni magazine resembles the 
slick, bland magazines big corpora- 
tions grind out for their employees. 

In my opinion, what The Review 
needs is a large injection of contro- 
versial material. In other words, I be- 
lieve both the Institute and its Alumni 
would be better off if The Review de- 
voted more space to ideas and criti- 
cism and less space to gadgets. I 
would like to see the magazine be- 
come something the Alumni looked 

(Continued on page 6) 
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LAND is being cleared now for the 
five Technology Square buildings to be 
erected adjacent to M.I.T., as shown 
in this drawing. 


CENTENNIAL EVENTS to which 
reference is made in this issue will 


be reported in more detail in the 


June and July issues of The Review. 
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New Institute Professor 


NexT June 1, Cyril Stanley Smith, 
who received his doctorate at 
M.I.T. in 1926, will return to Cam- 
bridge as an Institute Professor. He 
is currently professor of metallurgy 
in the Institute for the Study of 
Metals, which was established un- 
der his direction in 1946 at the Uni- 
versity of Chicago. 

At M.I.T., Professor Smith’s in- 
terests will be divided between 
metallurgy and the history of sci- 
ence and technology. He is, in the 
words of President Julius A. Strat- 
ton, 23, “very broadly concerned 
with the interplay between science 
and technology and the influence 
that these developments have had 
on the entire history of human 
thought. We expect him to make 
important contributions to our grow- 
ing program of teaching in the his- 
tory of science and technology at 
M.I.T. 

“He will also maintain an active 
interest in metallurgy, where he ex- 
pects to concentrate on_ studies 
aimed at understanding the basis of 
structure in inorganic matter and to 
explore particularly the features 
common to metallurgy, ceramics, 
and geology. : 





WHILE CONSULTING recently with Boeing aircraft officials, Secor D. Browne 
of the M.LT. Faculty was shown a model of the new three-engine, medium range, 
727 jet transport by Wellwood E. Beal (left), Senior Vice-president, and E. C. 
Wells, Vice-president, Engineering, of the company. 
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Cyril Stanley Smith, ’26 


“His appointment as _ Institute 
Professor is intended to provide him 
with freedom to concentrate as he 
may wish on research and advanced 
teaching and to work freely through- 
out the Institute without regard to 
departmental boundaries.” 

Born in Birmingham, England, 
in 1903, Dr. Smith studied at the 
University of Birmingham before 
coming to this country. He was at 
one time a research associate in the 
M.I.T. Physics Department. From 











1927 to 1942 he was a research 
metallurgist with the American 
Brass Company. He then became 
an associate division leader at the 
Los Alamos Scientific Laboratory in 
charge of metallurgical work on fis- 
sionable material for the atomic 
bomb. His work in this area won 
him the U.S. Medal of Merit. 

Professor Smith is a member of 
the National Academy of Sciences, 
and has served on the President’s 
Science Advisory Committee. He is 
a consultant to the Argonne, Brook- 
haven, and Oak Ridge National 
Laboratories and the Los Alamos 
Laboratory. He has received many 
patents and contributed many pa- 
pers to technical journals. 


Names in the News 


THE NEW CHAIRMAN of the Atomic 
Energy Commission’s Advisory 
Committee on Reactor Safeguards is 
Professor Theos J. Thompson, Di- 
rector of the M.I.T. Reactor... 
Clair E. Turner, ’17, Professor of 
Public Health, Emeritus, is helping 
the World Health Organization and 
UNESCO promote health education 
. . . Professor Walter G. Whitman, 
’17, received the New England “En- 
gineers’ Week” award this year. 

Professor William P. Allis, ’23, 
has been named to the Board of 
Editors of “Reviews of Modern Phys- 
ics” . . . President-elect of the 
American Association of Physics 
Teachers is Frank Verbrugge, for- 
mer staff member of the Radiation 
Laboratory . . . John G. King, ’50, 
Associate Professor of Physics, won 
third place in the national competi- 
tion for new pieces of physics ap- 
paratus sponsored by the American 
Association of Physics Teachers. 

Donald H. Grangaard, former re- 
search associate in cellulose chemis- 
try, has become Senior Research As- 
sociate of the Kimberly-Clark Corpo- 
ration . . . Samuel B. Maloof, ’43, 
is currently a guest of the Institute 
in the Department of Mechanical 
Engineering. 


In Metal Work 


NORMAN R. GARDNER, ’53, is presi- 
dent of a new metalworking company 
in Boston, called the Metalonics Cor- 
poration. Frank M. Yans, °57, and 
Alan D. Donaldson, °57, are vice- 
presidents and Houlder Hudgins, 
Professor of Industrial Management 
at M.LT., is chairman of the board. 

(Continued on page 38) 
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Nuclear-Structure Research 


Initial work with the 12-Mev 
Tandem Van de Graaff has con- 
firmed beyond expectations our 
early conviction that this accel- 
erator system would greatly ex- 
tend areas of useful research. A 
previously “dark” area, in fact 
the whole upper half of the peri- 
odic table, can now be investi- 
gated with precision. The range 
now beginning to be explored 
with extremely stable monoer- 
getic particle beams includes 
many isotope-rich elements and 
the important domain of fission- 
able materials. Current research 
indicates the Tandem has in- 
creased the number of resolvable 
energy levels by an order of mag- 
nitude. In constructing a theory 
of the nucleus, the precision we 
speak of is every bit as important 
as the extension in energy. Tan- 
dem ion beams permit discrimi- 
nation between closely associated 
energy levels and reveal new 
subtleties in the fine structure 


of heavier elements. 


The Tandem Van de Graaff’s 
external ion source at ground 
potential is a boon to experi- 
menters. There are seventeen 
stable nuclei up to oxygen, and 
all of these may be used as bom- 
barding particles. With multiple 
stripping and two-stage acceler- 
ation, oxygen ions have been 
accelerated to 60 Mev. 


A characteristic of truly new 
research tools is evident in the 
way the Tandem is shaping the 
direction and objectives of phys- 
ics research programs. As a 


result, four laboratories with 


machines installed and perform- 
ing to specifications, and others 
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CENTER OF MASS ENERGY IN MeV 


Data from current experimentation 
with the Tandem Accelerator at Chalk 
River Laboratories, Atomic Energy of 
Canada Limited. 


awaiting Tandem delivery, are 
planning to undertake work that 
is new and challenging. 


At High Voltage, careful 
thought is already being given 
to feasible extension of the basic 
Tandem principle. A three-stage 
injector Tandem with guaran- 
teed 17.5-Mev proton energy is 
on order for the University of 
Texas, and Tandem systems with 
22-Mev proton energy are feasi- 
ble today. This “second genera- 
tion” of Tandems will employ 
higher terminal potentials, three 
stages of acceleration and de- 
beam 


velopments to increase 


current. We are also investi- 
gating pulsing techniques for 
Tandems, and the possibility of 
polarized ion sources is being 


studied. 


A paper at our recent Accel- 
erator Conference, “Current Ex- 
perimentation with the Tandem 
Accelerator at the Chalk River 





Laboratories',” describes an out- 
standing experimental physics 


program. Write us for a copy. 


“Low-Energy” Physics 

As we address ourselves to 
this subject, more elegantly 
called nuclear-structure physics, 
the reader may conclude we 
have an axe to grind, and we 
admit it. We believe a great 
deal of research remains to be 
done on light nuclei. There is, for 
example, time-consuming but re- 
warding precision nuclear spec- 
troscopy to fill in gaps in existing 
energy level data, as well as new 
research related to the conserva- 
tion of isotopic spin, excitation 
energies of low excited states 
and direct interaction mechan- 


isms. 


Because much nuclear-struc- 
ture research can be accom- 
plished with standard Van de 
Graaffs in the 1-5 Mev energy 
range, equipped with ion sources 
for hydrogen, helium or heavy 
elements, these machines repre- 
sent ideal research instruments 
for the university physics labora- 
tory of modest proportions. We 
are presently compiling informa- 
tion on exactly where machines 
of moderate cost and energy can 
make significant contributions in 
illuminating concepts of nuclear 
structure and would be happy 
to discuss this subject with you. 
1H. E. Gove, Proceedings of the Second 
Accelerator Conference, Amsterdam, Oct., 


1960 (North Holland Publishing Com- 
pany, 1961) p. 63. 


HicH VOLTAGE ENGINEERING 
CORPORATION 


BURLINGTON, MASSACHUSETTS, U.S.A. 
. 
APPLIED RADIATION CORPORATION 


* 
HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 











le] 


a 
. lel 


| ore BO Fr yas oe OP 5 ed 


Major Expansion in the program of the 
Laboratory requires participation of 
senior members of the scientific com- 
munity in our programs: 


RADIO PHYSICS and ASTRONOMY 
SYSTEMS: 

Space Surveillance 

Strategic Communications 

Integrated Data Networks 
NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 

Techniques 

Psychology 

Theory 
INFORMATION PROCESSING 
SOLID STATE Physics, Chemistry, and Metallurgy 


@A more complete description of the Laboratory's 
work will be sent to you upon request. 


Research and Development 


LINCOLN LABORATORY 
Massachusetts institute of Technology 
BOX 28 

LEXINGTON 73, MASSACHUSETTS 
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forward to receiving, read thought- 
fully when they received it, and dis- 
cussed whenever they met. I would 
like to see the space now devoted to 
superficial photographs devoted to let- 
ters from irate, curious, or bemused 
Alumni who have been shocked, stimu- 
lated, or stunned by articles and es- 
says in The Review. Only in this way 
can the Institute tap the minds, as well 
as the pocketbooks, of its Alumni scat- 
tered throughout the world. 

Terrace Park Court 

Ames, lowa 


Management Questions 


FRoM WINFIELD I. MCNEILL, 717: 


Professor McGregor’s very interest- 
ing article in February’s Technology 
Review stresses the need for “changes 
in strategy and policies for those who 
direct others,” due principally to ad- 
vances in science and technology. This 
appears to be a very reasonable con- 
clusion. In this connection may I ask 
a series of questions? 

1. Is the above the most important 
factor that influences executive de- 
velopment and motivation? 

2. Is not the most important factor 
the failure of business to choose lead- 
ers whose prime characteristics are 
character, intellectual honesty, and 
fairness in dealing with subordinates? 

3. Is not this the principal reason 
that keeps professional executive re- 
cruiters busy and prosperous, and 
keeps them supplied with outstanding 
prospects? 

4. Do schools of business empha- 
size this most important factor, and 
illustrate with case histories which are 
all too numerous? 

5. Should not graduates from busi- 
ness schools examine this point before 
taking a position in any company? 

107 Wood Pond Road 
West Hartford 7, Conn. 


For Educational Purposes 
FROM ALBERT F. COLEMAN, 31: 


We would like very much to reproduce 
the following two articles from the 
Technology Review: “Plasma _ Re- 
search: A Case History” (Nov. 1960), 
and “Walloping the Atmosphere” (Jan. 
1961). We wish to distribute some 40 
reprints to our key engineering and 
marketing personnel for educational 
purposes only. 

Radio Corporation of America, 
Princeton, N.J. 

[The Review receives many requests 
such as this and in most cases is able 
and happy to grant them.] 
(Conciuded on page 8) 
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Today, exploring in all of the physical sciences, 
Melpar is probing in many areas of fundamental 
research, such as: 
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Physical Chemistry, encompassing the 
relation of physical properties of biological 
materials to biological functions. 
Physical Techniques and Measure- 
ments in such fields as electron spin re- 
sonance, in conjunction with the studies o; 
molecular structure to determine Zeeman 
effects on free radicals. 

Chemistry Studies in fluorescence, or- 
ganic reactions, electrochemistry, polymer 
research, and gas chromatography and 
radiochemistry. 





The Parade of 
Disciplines in the 
Most Advanced 


Areas of the 
Physical Sciences 





Why use gas chromatography? Why use electron 
spin resonance? These represent but a few of the 
areas Melpar is now exploring. This is Melpar: 
Project Probe. -. 


Scientists with advanced degrees in any of 
the Physical Sciences, who are interested in 
participating in Melpar: Project Probe, 
are invited to write to F. J. Drummond, Pro- 
fessional Placement Manager, Melpar, 3355 
Arlington Boulevard, Falls Church, Virginia. 


MELPAR © inc 


A Subsidiary of Westinghouse Air Brake Company 
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You’ll Find Top 
Engineering Positions 
at All 3— plus... 
The Same Atmosphere 
of Growth and 
Achievement that 
Caused This 
Dynamic Expansion 


TARTING only 9 years ago with 11 
Engineers and an initial order of 
$117.00, Sanders Associates today has a 
personnel role of over 1600—and a con- 
tract backlog of $53,000,000. 


This history of success was built 
through creation of original technical 
concepts resulting in unusual achieve- 
ments— most of which are classified — 
including FLEXPRINT® flexible printed 
circuits, PANAR® radar and TRI- 
PLATE® microwave components and 
techniques—in high demand now and 
destined for a big future in next genera- 
tion computers. 

Pioneering programs are being con- 
tinued in phased arrays, radar, pulse 
doppler radar systems, space radar and 
communication systems, providing 
Stimulating assignments in space tech- 
nology, missiles and radar systems. 


To arrange a convenient interview ap- 
pointment, send resume in confidence 
to R. W. McCarthy. 











suburban New 
York City. Brand 
new facility 
opened in 
December 
1960. 








Company 
headquarters 
in the beautiful 
hill country only 
an hour from 
down- town 
Boston. 


“Electronics 
Row” in 

suburban Boston. 
Advanced Systems 
Laboratories opened 
in November 1960 










POSITION IN NASHUA 


SENIOR CONSULTANT 
TRANSISTOR CIRCUITRY 
To provide technical guidance at the 
Corporate level on a wide variety of 
transistor circuit design problems. Re- 
quires ability to design detailed circuits 
rapidly. 


POSITIONS AVAILABLE 
AT ALL LOCATIONS FOR: 


SENIOR SYSTEMS ENGINEERS 

To contribute to advanced techniques 
in the general field of military elec- 
tronic systems. Applicable experience 
includes systems analysis, synthesis 
and integration, with extensive back- 
ground in circuit design augmented by 
hardware implementation. 


CIRCUIT DESIGN ENGINEERS 
EE or Physics graduates with 2 to 8 
years experience and familiarity with 
tubes and transistors and their utiliza- 
tion in all types of circuits, as well as 
the integration of circuits into sub- 
systems. 


TRANSMITTER DESIGN ENGINEERS 
2 to 3 years experience. For work up 
to and including microwaves. 


PRODUCT DESIGN ENGINEERS 
ME with heavy experience in feasibility 
studies coupled with experience in tak- 
ing developed systems into production, 
—ae mechanical este and 
overall packaging concepts of ECM or 
other airborne systems. 


POSITIONS IN PLAINVIEW, 
LONG ISLAND 


GROUND SUPPORT 
EQUIPMENT ENGINEERS 


To r £ and develop system, assem- 
bly and sub-assembly electronic test 
equipment for the military. Should 
have age a for test equipment 
philosophy, with extensive experience 
in circuit design and hardware follow- 
through. 


®registered trademark 


a SANDERS ASSOCIATES, INC. 



















NASHUA, NEW HAMPSHIRE 
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A Plea From Iran 


From Davip E. MorGan, °39: 


I know that many of my school and 
classmates have visited India, Paki- 
stan, Afghanistan, Iran, etc., but for 
those who have not, I hope they will 
make a point of doing so! These 
countries are in the middle of the first 
stage of industrialization, with unbe- 
lievable enthusiasm and sacrifice! Un- 
fortunately, most of their efforts are 
wasted on their necessary defense 
(some 60 per cent of the budget is 
for military purposes); and the lion’s 
share of the balance must be used to 
stop these countries from further de- 
terioration, mostly due to the highest 
rate of increase of population in the 
world. That leaves so little for material 
improvement of the living conditions 
of over 600 million people. 

In no other part of the world have 
I seen such genuine friends as the 
U.S.A. has in India and Pakistan. 
They need our technical help as well 
as our financial help! Our future se- 
curity, the lives of our children, and 
the security of our system depend on 
this part of the world more than we 
realize. I urge everyone to think of our 
great friends here, to help them how- 
ever each one of us can—as our fu- 
ture depends so much on them! 


Tehran, Iran 
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...a hand in things to come 


The long chain with no end of wonders 


A single molecule of polyethylene is a giant chain created from 
several thousand basic molecules... and it takes billions of these giants to 
make a simple squeeze bottle or a child’s toy! All the familiar plastics are 
derived from basic molecules found in common substances such as water, salt 
‘and natural gas. After years of research, scientists learned how to rearrange 
the molecules and link them together into long chains, bringing you a great 
variety of colorful, durable, adaptable materials. 


Just look around you and see what the many plastics from 
Union Carbide offer you today . . . inexpensive flooring that puts a new touch 
of beauty in your home... paints that dry in minutes. . .“‘printed”’ circuits 
that simplify the wiring in your television set... adhesives that can even 
bond metal to metal ...so many things that were unheard of before plastics 
came on the scene. 

Scientists are still adapting plastics to new uses, molding their 
molecules into new forms. In working with BAKELITE Brand polyethylenes, 
epoxies, phenolics, styrenes, and vinyls, the people of Union Carbide are 
continuing the research that helps to fill your life with endless wonders. 


“Bakelite” is a registered trade mark of Union Carbide Corporation 
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Learn about the exciting work 
going on now in plastics, car- 
bons, chemicals, gases, metals, 
and nuclear energy. Write for 
“The Exciting Universe of 
Union Carbide’’ Booklet R, 
Union Carbide Corporation, 
270 Park Avenue, New York 17, 
N.Y. In Canada, Union Car- 
bide Canada Limited, Toronto. 


UNION 
CARBIDE 


...a hand 
in things to come 
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This year, engineering and science alumni will find more challeng- 
ing and rewarding careers than ever at Boeing. Advanced missile 
and space-age programs are expanding, and the proportion of 
engineers and scientists to Boeing’s total employment is growing 
steadily. Boeing programs include the Dyna-Soar boost-glide ve- 
hicle, Minuteman solid-propellant ICBM, Bomarc defense missile 
system, B-52G missile bomber, KC-135 jet tanker-tranport, the 
Boeing 707, 720 and recently announced 727 jetliners, and lunar, 
orbital and interplanetary systems and advanced research projects. 
A few of the many immediate openings are listed below: 


DEVELOPMENT PROGRAM SUPPORT SEATTLE AREA 
B.S. or higher in AE, CE or ME (with any amount of experience) to 
perform temperature analysis and conduct studies in gas dynamics, 
heat transfer, ablation and gas dynamics testing. 


STRUCTURAL DYNAMICS SEATTLE AREA 
M.S. or Ph.D. in AE or Engineering Mechanics (with at least two 
years research and development experience in structural dynam- 
ics, including response and stability, dynamic analysis, dynamic 
analysis methods or servo characteristics) to investigate response 
characteristics of time-variant and non-linear systems and develop 
methods of analysis. 


MICROWAVE SYSTEMS WICHITA AREA 
M.S. in Electrical Engineering or Ph.D. in Physics. To accomplish 
basic research in the fields of microwave components and trans- 
mission systems. Studies of materials and techniques to improve 
wave guide systems. Assignments include laboratory and analytical 
research. 


WEAPON SYSTEMS ANALYSIS SEATTLE AREA 
B.S. in AE, EE, ME or Math (with experience in testing, design or 
development of missile systems or subsystems, including ground 
support equipment and ground operational equipment) to plan and 
establish procedures for evaluating the results of Minuteman ICBM 
weapon system testing, and assist in analyzing data evolved during 
test programs and prepare reports incorporating this information. 


AERODYNAMICS WICHITA AREA 
M.S. or Ph.D. in Aerodynamics. For assignments in development 
programs involving STOL technology, performance analysis, estab- 
lishment of preliminary aerodynamic configuration, stability and 
control predictions, supersonic engine inlet design and testing, 
and internal aerodynamic investigation. These programs involve 
preliminary design on aircraft and missile projects, 


GAS TURBINE ENGINE DESIGN SEATTLE AREA 
B.S. or M.S. in ME (with 5 to 10 years experience in layout and 
detailed design of complex mechanical assemblies involving lubri- 
cation, thermal stress, inertia stress and assembly tolerances) to 
perform layout and design work on gas turbine engines and their 
components, 


PACKAGING ENGINEERING SEATTLE AREA 


Engineers with B.S. in ME, CE or EE to desfgn and develop in- 
dustrial and military packaging for the protection of electronic 
equipment and missile and aircraft components. Assignments in- 
clude analyzing, evaluating and testing methods, materials and 
techniques for the protection of fragile and intricate items. 
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Divisions: Aero-Space « Transport « Wichita « Industrial Products * Vertol « Also, Boeing Scientific Research Laboratories « Allied Research Associates, Inc.—a Boeing subsidiary 





Space-age careers at Boeing 


FACILITIES EQUIPMENT ENGINEERING SEATTLE AREA 
Engineers with B.S. degrees in ME, ChemE or EE, with five years 
minimum experience, to provide services which include equipment 
design, specifications, selection and operational reliability. Equip- 
ment involved may be manufacturing process and test equipment 
(e.g., hydraulic functional test equipment) or electronic equipment 
(e.g., test equipment for air-borne electronic systems.) 


CERAMICS SEATTLE AREA 
Ceramicist with Ph.D. degree or equivalent professional background 
to conceive and conduct investigations of the factors influencing 
ductility and fracture. 


BASE INSTALLATIONS SEATTLE AREA 
B.S. in EE or ME (with 10 years experience in architectural or 
engineering design, design checking or coordination, drawing 
delineation or equivalent activity) to review architectural and en- 
gineering drawings of guided missile base installations and comment 
on design, recommending revisions, preparing cost estimates, and 
engage in Air Force and other outside company contact work. 


COMPUTER METHODS SEATTLE AREA 
B.S. in EE, ME or Math (with 0 to 6 years applicable experience) 
to find new uses for and integrate new electronic digital computing 
equipment with existing equipment. 

ANTENNA SYSTEMS SEATTLE AREA 
MLS. in Electrical Engineering or Ph.D. in Physics. To accomplish 
basic research in the fields of surface wave antennas or large array 
antennas for possible air-borne application through use of the IBM 
7090 Digital Computer, 231R Pace Analog Computer and other 
antenna laboratory equipment. Projects include such items as 
antennas for omnidirectional radiation pattern coverage in both 
horizontal and vertical polarizations. 


QUALITY CONTROL SEATTLE AREA 
B.S. or M.S. in Electrical Engineering, Mechanical Engineering, 
Physics, Chemistry or Metallurgy. Advanced training in Mathe- 
matics/Probability Science helpful. Establish requirements and 
analyze reliability performance data; correlate performance data 
and design specifications; design test programs based on statistical 
parameters; recommend changes to product design and determine 
the need for changes in manufacturing process. 


PLASMA PHYSICS SEATTLE AREA 
Experimental and theoretical physicists with Ph.D. degree in phys- 
ics for the staff of the Plasma Physics Laboratory, Boeing Scientific 
Research Laboratories, to conduct studies in the field of basic 
microwave plasma physics, transport properties of plasmas and 
quantum plasma physics. 

ELECTRONICS AND GUIDANCE SYSTEM DESIGN SEATTLE AREA 
B.S. in EE or ME (with EE or mechanical design experience) to 
evaluate flight instrument requirements for the Dyna-Soar boost- 
glide vehicle program, perform avionics component and system en- 
gineering, prepare source control drawings or design procurement 
specifications, perform technical evaluation of vendor proposals, 
perform design and development monitoring, evaluation and quali- 
fication testing, and system avionics integration. 


TEST ENGINEER WICHITA AREA 
M.S. in Aeronautical, Electrical or Mechanical Engineering. For 
test programs covering aerodynamic, electrical, electronic, struc- 
tural and mechanism projects. Assignments require planning, 
development monitoring and analysis of tests in laboratories and 
actual flights. 


STRUCTURES & MECHANICAL DESIGN SEATTLE AREA 
B.S. in CE and ME for component and assembly design for transport 
airplanes in developmental and production phases. Must be capable 
of contributing creative engineering and original ideas to airplane 
applications. Requirements in landing gear, controls, air condi- 
tioning, hydraulic, and structural systems. 


Advantages you'll enjoy at Boeing include up-to-the-minute facili- 
ties, unexcelled research equipment, insurance and retirement pro- 
grams, and a company-paid graduate study program (M.A. and 
Ph.D.) designed to help you get ahead faster. 


For further information write: Mr. John C. Sanders, Boeing Air 
plane Company, P. O. Box 3822 - UMT, Seattle 24, Washington. 


SILI EMR Mr 
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Superhuman refiexes for supersonic 
aircraft... The AiResearch centralized air 
data computing system will enable the pilot of the B-70 
bomber to control the extraordinarily high performance characteristics and 


: rapidly changing environmental conditions of this advanced Mach 3 aircraft. The result of 


10 years of research and development, this extremely reliable system simultaneously senses, 
measures and automatically corrects for all flight conditions and supplies information to other 

vital systems including autopilot, fire control, automatic flight control, bombing and navigation. 
AiResearch air data systems are operational on most of the free world’s supersonic aircraft. 


* Outstanding opportunities for qualified engineers 


THE ceo PORATION 


AiResearch Manufacturing Divisions 


LOS ANGELES 45. CALIFORNIA @ PHOENIX, ARIZONA 


OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPLY-AERO ENGINEERING ¢ AIRESEARCH AVIATION SERVICE © GARRETT SUPPLY @ AIR CRUISERS 
AIRESEARCH INDUSTRIAL ¢ GARRETT MANUFACTURING LIMITED © MARWEDEL ¢ GARRETT INTERNATIONAL S.A. @ GARRETT (JAPAN) LIMITED 
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at the Oil Well 
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Cabot knows its way around an oil field. Modern oil well pumping, drilling and servicing 
equipment bearing the Cabot name can be found in all the major drilling and operating 


fields throughout the world. 


While Cabot oil well equipment pumps up new profits for some people, many, many 
others are discovering daily that Cabot has other ways of contributing to their liquid 
assets. For instance: the rapidly expanding line of quality Cabot raw materials, now 
assisting industry the wide world over in producing better and more profitable 


products including: 
For Industry, from Cabot: 


CARBON BLACK — the world’s most complete 
range ... more than 50 different grades, each 
with a specific industrial use. 


CAB-0-LITE ® (Cabot wollastonite)—as a paint 
pigment, this versatile, uniform calcium sili- 
cate has more desirable properties than other 
extenders used singly or in combination. 
Excellent for all types of paint, and for all types 
of ceramics. 


PT® PINE TAR PRODUCTS — these versatile 
quality controlled materials improve the per- 
formance of a wide variety of products, in- 


cluding: rubber, paint, cordage, oakum 
and insecticides. 

CAB-0-SIL® — this unique airborne silica, in 
extremely small amounts, greatly improves 
an enormous variety of products. Remarkable 
for its unusual combination of properties, it’s 
equally effective as a thixotropic, thickening, 
gelling, suspending, flatting, reinforcing, anti- 
caking, and antislip agent. Used in plastics, 
lubricating oils, greases, paints, varn- 
ishes, lacquers, rubber, sulfur, insecticides, 
pharmaceuticals, cosmetics, and many 
other products. 


OTHER PRODUCTS INCLUDE: CHARCOAL, CHARCOAL BRIQUETS, OIL, NATURAL GAS, 
NATURAL GASOLINE, LIQUEFIED PETROLEUM GASES, PORTABLE WELL DRILLING AND 
SERVICING EQUIPMENT, OIL FIELD PUMPING EQUIPMENT AND STEEL FABRICATION. 


For complete information, phone or write: 


<> 


known producer 


om 


CABOT CORPORATION 125 tiigh street, Boston 10, mass. 
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The Centennial Celebration 


THE WORLD'S ATTENTION will be drawn to M.I.T. this 
month by events arranged to observe the Institute’s 100th 
anniversary. 

The Right Honorable Harold Macmillan, Prime Min- 
ister and First Lord of the Treasury, United Kingdom 
of Great Britain and Northern Ireland, and Chancellor 
of Oxford University, will deliver a major address at 
the Institute on Friday evening, April 7. Mr. Macmillan 
has headed his country’s government since the resigna- 
tion of Sir Anthony Eden in 1957 and has been a tireless 
worker in the efforts to prevent the tension between the 
Western World and the Communist World from leading 
to armed conflict. Mr. Macmillan will confer with Presi- 
dent Kennedy in Washington before coming to Cam- 
bridge, and is expected to go on from this country for 
conferences in Ottawa. 

Chairman James R. Killian, Jr., °26, of the M.I.T. 
Corporation, will speak on Saturday evening, April 8, 
when official delegates to the Centennial Convocation 
and hundreds of Alumni and friends of the Institute will 
dine simultaneously in several different halls. 

President Julius A. Stratton, 23, will be the principal 
speaker the following Sunday afternoon at the Centennial 
Convocation in the Rockwell Cage. There will be an 
academic procession on this occasion, and the M.LT. 
Choral Society will present a centennial concert that 
evening. 

Mr. Macmillan’s address will be given at one of a 
series of general assemblies in the Rockwell Cage. In 
other assemblies, Secretary of State Dean Rusk will 
speak, and Professors Max F. Millikan, Martin Deutsch, 
Elting E. Morison, and Walter A. Rosenblith will sum- 


‘ marize the findings of an International Conference on 


Scientific and Engineering Education. About 100 of 
the world’s most distinguished scholars will have ar- 
rived on campus by April 3 to participate in this closed 
conference. 

Centennial visitors will choose between hearing three 
panel discussions in the forenoon on Saturday, April 8, 
and three others in the afternoon. These will deal with: 

How Has Science in the Last Century Changed Man’s 
View of Himself? 

The Future of the Arts in a World of Science. 

The Future in the Physical Sciences. 

Arms Control. 

The Life of Man in Industry. 

The Future in the Life Sciences. 
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Participants in these panel discussions will include 
several Nobel laureates, the 1961 Atoms-for-Peace 
Award winner, a number of eminent business leaders 
and noted authors, and outstanding members of the 
faculties of some of the many universities that will send 
greetings to M.I.T. on this occasion. 

Dean John E. Burchard, ’23, of the M.I.T. School of 
Humanities and Social Science, has directed the ar- 
rangements for these and other Centennial events. 


Student Centennial Affairs 


STUDENTS of the Institute have arranged additional 
Centennial festivities to follow the general assemblies 
and ceremonies described above. On Monday, April 10, 
they will attend a Founder’s Day Convocation at which 
leading members of the Faculty will speak. 

Then, on Friday and Saturday, April 21 and 22, the 
merrymaking for which many students are growing 
beards will take place. First, the students expect to hear 
a lecture delivered in the style of those given in 1861. 
Then, on Saturday morning, they plan to board a train 
at Vassar Street for an all-day excursion to Sturbridge 
Village. Their train will have an old-fashioned observa- 
tion car, and brass and Dixie Land bands aboard. After 
an afternoon of intramural contests of various kinds at 
Sturbridge, the students will return for more jazz on 
Saturday night in the Rockwell Cage. 


Reports to the Council 


AT THE M.I.T. Alumni Council’s 350th meeting on 
February 27, Gordon L. Brownell, ’50, Assistant Pro- 
fessor of Nuclear Engineering, reviewed the history and 
rationale of treatments given to eight human patients 
thus far with the nuclear reactor at the Institute. He 
emphasized the newness of such therapy, the difficulties 
encountered, and the time that must yet elapse before 
its effectiveness can be judged. One such treatment is 
described on page 25 of this issue of The Review. 

Robert E. Hewes, °43, Registrar, described progress 
to date in using a large electronic computer to keep stu- 
dent records and schedule classes, and pointed out 
how students given advanced placement when entering 
the Institute as freshmen have complicated class schedul- 
ing. William L. Taggart, Jr., °27, presided. 


The drawing above is of Orion, a proposed 73,000-ton 
space vehicle, pictured by Henry B. Kane, ’24, in a new 
book by David O. Woodbury, ’21 (reviewed on page 30). 


13 








The Human Use of Machines 


MANy current problems can be handled better by a 
man and a machine than by either one alone. A large 
computer such as the IBM 709 at M.I.T., moreover, 
has sufficient speed and capacity to work with several 
persons at a time. Hence, a research program has been 
launched at the Institute with two objectives: 

1) To merge man and machine in a system that 
would couple human powers of reasoning and intui- 
tion closely with a computer’s ability to process vast 
quantities of information very fast. 

2) To permit many persons, in distant classrooms, 
offices, or laboratories, to work with the same com- 
puter almost simultaneously. 

Herbert M. Teager, ’52, Assistant Professor of Elec- 
trical Engineering, is directing this work. Nearly equal 
grants from the National Science Foundation and the 
Office of Naval Research have provided $160,000 for 
the first two years’ work on the program. Plans for the 
second two years call for a budget of $500,000 and the 
development of new equipment. 

In announcing the program, Philip M. Morse, Direc- 
tor of the M.I.T. Computation Center, pointed out that 
the position of a large computer now is somewhat anal- 
ogous to that of a busy executive. Hundreds of persons 
are continually clamoring for appointments and de- 
manding partial or complete answers to many different 
problems. As in a business organization, a staff is need- 
ed and rigid scheduling is necessary. This, however, 
frequently prevents scientists and engineers from work- 
ing as closely with a computer as they would like and 
sometimes retards their progress. 

“The research worker or the student learner,” says 
Professor Morse, “should be able to ask the machine 
a question, get the answer quickly, and go on without 
having to relinquish his place at the machine to give 
the next man a chance. With present equipment for 
getting information into and out of the machine, a re- 
search worker must turn in his request to the machine 
operator, who runs it along with many other requests 
from other users. The worker must wait until all of the 
problems are run and tabulated to get his answer and 
think about what the next question should be.” 

In the M.I.T. system now envisioned, users will com- 
municate directly with a computer from special sub- 
stations linked to the machine by cables. In addition 
to an operating console, these substations may have 
auxiliary devices, such as a “drawing pad” for the 
man’s use and a visual display device on which the 
computer can produce graphs. 

“In all but the most trivial cases,” Professor Teager 
observes, “human judgment can be invaluable in help- 
ing the machine to develop ‘common sense’ rules for 
particular problems—if the human is in a position to 
see what is going on and get a feel for what is impor- 
tant. As of today, at least, people are far better 
equipped to draw on their past experiences, to recog- 
nize abstract patterns, to generalize and to unify, 
whereas a machine is in a much better position to seek 
out, work on, and turn out information. The best fea- 
tures of both have yet to be effectively matched as a 
closely meshed team.” 

An IBM 7090 is scheduled to arrive at M.I.T. next 
January, and plans are being formulated to link from 
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15 to 30 remote substations to it. How it can solve its 
“job shop problem,” and schedule “how much of which 
problem” to do at a.time in order to utilize all of its 
capabilities most effectively is part of the problem now 
being tackled. 


Second Century Fund Progress 


GENERAL CHAIRMAN John J. Wilson, ’29, of the Second 
Century Fund announced in February that the halfway 
mark had been reached in the campaign now under way 
for $66,000,000 for M.I.T. : 

Gifts which made this possible included an unre- 
stricted $500,000 grant from The Martin Company of 
Baltimore, which set an example for other companies by 
greatly enlarging its participation in the Industrial Liai- 
son Program. 

“We are particularly gratified that The Martin Com- 
pany, which is well known for its leadership on the fron- 
tiers of technology, has seen fit to provide such handsome 
support for our Second Century Program,” said Chair- 
man James R. Killian, Jr.,’26, of the M.I.T. Corporation. 
“Increasingly, large companies have become aware of 
the importance of supporting education as a means of 
furthering industry’s technological and managerial needs 
and, more vital still, our national interest. America’s fu- 
ture economic strength, as well as its national security, 
depends upon technological leadership. We now face, 
as never before, able, alert and determined competition 
from abroad, plus the domestic challenge of maintaining 
a growing economy, an increasing standard of living, and 
an unmatched productivity.” 

Worcester, Mass., was the first area in the country to 
exceed its alumni major gifts quota ($68,900) when it 
reported pledges of $80,100. Thomas H. West, °22, 
headed the Major Gifts Committee in the Worcester area 
and was assisted by Robert H. Brown, ’22, Robert T. 
Dawes, ’26, Frederick N. Dillon, Jr., ’22, Bernard S. 
Falk, ’23, Haskell R. Gordon, ’38, Herbert L. Hayden, 
23, Mac Levine, ’25, John C. Molinar, ’22, Myles Mor- 
gan, ’23, George R. Wallace, ’13, and Ernest P. White- 
head, ’20. 

In congratulating them, Mr. Wilson told them: “Your 
area’s outstanding record will encourage fellow Alumni 
—hundreds of them who are working from coast to 
coast. We are confident that in the coming days and 
weeks, similar reports will be flowing into SCF head- 
quarters from many parts of the nation.” 

Other areas from which impressive progress has been 
reported include Louisville, Ky., Rochester, N.Y., 
Springfield, Mass., Houston and Beaumont, Texas, and 
Wilmington, Del. Solicitation of major gifts has been 
emphasized thus far in the campaign. 


Creative Engineering’s Day 


THE NEXT YEAR will bring exceptional opportunities for 
creative engineers, William E. Vannah, °46, editor of 
Control Engineering, predicted in a recent talk to Phila- 
delphia members of the American Institute of Electrical 
Engineers and the Institute of Radio Engineers. “Ameri- 
can industry has funds for investment and will allocate 
them to more efficient and more automatic operations,” 
he said. “Schedules for construction are sufficiently tem- 
pered that the engineer will have time for conceiving and 
applying innovations.” 
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ADDERs and Errors 


PEOPLE can understand telegrams even though some 
letters within words are wrong, and a phone conver- 
sation may be satisfactory without every phoneme 
being transmitted perfectly. Suppose, however, that 
one computer is communicating with another computer, 
in the two-symbol language (binary digits or “bits”) 
that they employ: Might not an error in transmission 
then be far more serious than if the exchange of in- 
formation were taking place between people? And how 
often, in fact, do errors occur when digital information 
is being transmitted? 

Codes have been devised to detect errors in digital 
communications. But what degree of assurance of error 
detection can be achieved in a practical and economi- 
cal working system? 

Lincoln Laboratory has long been deeply interested 
in these questions because vast amounts of digital data 
must be transmitted long distances in air defense and 
other communication networks now being set up. Toll- 
grade telephone circuits frequently are used for this pur- 
pose because they are relatively plentiful and cheap. 
They have been studied in great detail and this winter 
the Laboratory reported some impressive progress to- 
ward the application of the sophisticated error-detec- 
tion coding techniques of information theory to large 
networks of such circuits. 

Lincoln’s communication specialists have found that, 
for example, when from 1,500 to 2,000 bits of infor- 
mation per second are being transmitted over toll- 
grade telephone lines, errors occur about once a minute 
on the average. But the frequency with which such 
errors can slip by without being caught can be reduced. 
By employing a system in which one-tenth of the 
channel’s capacity is taken up by “check bits,” the 
average interval between undetected errors can be 
extended to about 300 years. And by increasing the 
proportion of check bits slightly, still greater assurance 
that transmission errors will be caught can be obtained. 
Even the danger that a spurious input of random noise 
for a considerable period of time will distort the mean- 
ing of the message can be reduced greatly. 

To find out how often transmission errors really oc- 
curred in actual circuits, the Laboratory developed an 
Automatic Digital Data Error Recorder. It was dubbed 
the ADDER, naturally, and put to work collecting 
carefully documented error statistics regarding 6 bil- 
lion bits of digital data transmitted over the circuits of 
interest. These findings then were used to evaluate 
various proposed coding schemes with a computer. 

Coding and decoding equipment now has been built 
that will detect errors in an actual system. The method 
employed was described this winter in a paper pre- 
pared for the American Institute of Electrical Engi- 
neers by Barney Reiffen, W. G. Schmidt, and H. L. 
Yudkin, °59, of Lincoln Laboratory. 

Much of the theoretical work which preceded the 
development of this equipment was done at M.LT. 
The error-detection code used in this particular system 
was worked out by R. C. Bose and D. K. Ray-Chaud- 
huri of the University of North Carolina; the method 
employed to apply the mathematics of the code in a 
working system was suggested by W. W. Peterson of 
the University of Florida; and it was synthesized in a 
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Ronald G. Enticknap examining the ADDER’s output. 


computer simulation by A. B. Fontaine of the Univer- 
sity of Wisconsin and R. G. Gallager, 57, Assistant 
Professor of Electrical Engineering at M.I.T. From 
basic theory to proven practice, this development was 
accomplished in one year’s time, once the store of error 
data had been acquired. 

The ADDER, meanwhile, has been given new as- 
signments: SHAPE’s Air Defense Technical Center is 
using one to test tropospheric scatter circuits, and other 
ADDERs are being used to check out a circuit from 
Cape Canaveral to the NASA computing center at 
Beltsville, Md., for Project Mercury. 


The Aussie Radio Fellowship 


LIKE a boomerang, an FM radio came back again this 
spring to Paul M. Chalmers, M.I.T. Adviser to Foreign 
Students. It first belonged to George J. Haggarty, °57, 
who left it behind when he flew home to Australia 
four years ago. Since then Robert G. Sutton, 58, Fran- 
cis R. McCloskey, ’60, and John Robert Roy, 61, have 
used it while at the Institute and it is now awaiting a 
fifth Australian claimant. All holders of the Aussie 
radio thus far have received master of science degrees 
at the Institute. 


A Doctorate in Linguistics 

STARTING next fall, the Department of Modern Lan- 
guages at M.I.T. will offer a program leading to the 
degree of doctor of philosophy in linguistics. The fields 
of concentration will include general linguistics, struc- 
ture of English, structure of Russian, phonology, speech 
analysis, and machine translation. Interdisciplinary 
programs of various kinds will also be available within 
the communication sciences, 
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Mathematics of Black Jack 


IN BLACK JACK, a very old game, about 34,000,000 
subsets of cards may turn up, the rules may vary, and 
a player may have various options. The game has cost 
many men their shirts, 
and experts have long de- =e 
bated whether a winning 
strategy could or could 
not be devised. 

Four men at the Aber- 
deen Proving Ground 
tackled its mathematics a 
few years ago with desk 
calculators and produced 
a book, Playing Black 
Jack to Win,* that is now 
out of print. It contained 
a strategy chart—showing 
when one should split a 
pair, when to double 
down, and when to draw 
or stand pat—and discussed insurance bets and other 
aspects of the game. If one followed their strategy, 
these men wrote, one’s money would be likely to last 
longer in a casino than if one rolled dice or played rou- 
ra but they concluded, “the player cannot beat black 
jack.” 

Edward Thorp, instructor in Mathematics at M.I.T., 
read about their work, recalled that gambling problems 
had contributed to the growth of probability theory, 
and noted that the Aberdeen men only had desk cal- 
culators. He saw that they, consequently, had made as- 
sumptions and simplifications that would not be neces- 
sary with a large computer. He saw, too, that these 
could change the solution. With a large computer, he 
then found a strategy favorable to the player. 

One of their assumptions was that each deal was 
from a complete deck. Taking the cards already played 
into account, Dr. Thorp found, would appreciably in- 
crease a player’s chances of winning. Knowing the 
spectrum of expectancies in various situations, more- 
over, would enable one to increase those chances still 
more by varying the size of one’s bets. He discovered, 
too, that the rules varied slightly from casino to casino, 
and that these variations could affect one’s chances to a 
small but calculable extent. 

Instead of dashing to Las Vegas (he had been there 
before doing this), Dr. Thorp prepared a paper for a 
mathematicians’ meeting in Washington. It neither 
spelled out a get-rich-quick secret nor recommended a 
casino. It did emphasize that a large computer’s answer 
to a theoretical problem, to which the best answer 
available previously had been negative, was positive. 
A computer, said Dr. Thorp, could be programmed to 
play an almost perfect game of black jack. Even if the 
bets were of a constant size, he said, the computer 
would have an advantage, and if it could vary its bets 
it would have an overwhelming advantage. 

This paper, entitled “A Favorable Strategy for Black 
Jack,” brought Dr. Thorp a flurry of publicity and he 
suddenly found himself an extremely popular fellow. 


Edward Thorp 


*By Roger B. Baldwin, Wilbur E. Cantey, Herbert Maisel, and 
James P. McDermott, with a foreword by Charles Van Doren 
(M. Barrows and Company, New York). 
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Societies in Transition 
Tue M.I.T. Center for International Studies has re- 
ceived a $475,000 grant from the Carnegie Corpora- 
tion for “Research and Training on the Politics of 
Transitional Societies.” This grant will make it possible 
to expand the Center’s study of “nation-building” in 
Africa and Asia. It will bring visiting scholars to the 
Center and establish graduate fellowships both for 
course work at M.I.T. and for field work toward the 
doctoral thesis. Sociologists, historians, economists, po- 
litical scientists, and anthropologists are expected to 
participate in the Center’s work as graduate students, 
postdoctoral fellows, professional researchers, and Fac- 
ulty members. 

The Center’s recent work, which will set the pattern 
for an expanded program, has included a study of In- 
dian economic development, the postwar evolution of 
Indonesian society, the nature of Burmese politics, and 
economic and political changes in Nigeria, Guinea, the 
Central African Federation, and the Republic of Congo. 

“The Center’s research is intended,” says its Direc- 
tor, Max F. Millikan, “to contribute both to our basic 
understanding of human behavior and to the solution 
of some of the long-term problems of international pol- 
icy which confront decision makers in government and 
private life. . . . We believe that the scholar can be 
of unique assistance to both American and foreign pol- 
icy makers.” 


Men Behind the Minuteman 


WHEN the Minuteman ICBM passed its first test bril- 
liantly at Cape Canaveral on February 1, Air Force 
Chief of Staff General Thomas D. White hailed it as 
“one of the most significant steps ever taken toward 
gaining intercontinental missile supremacy.” 

Richard F. Cottrell, 41, David F. Sprenger, ’48, and 
Carle C. Conway, 3d, °53, played key roles in the 
Aerojet-General Corporation’s development of this 
missile’s second-stage engine. As manager of the Min- 
uteman Program, Cottrell directed the task force of 
nearly 2,000. As manager of Solid Rocket Develop- 
ment, Sprenger was concerned with this project from 
the beginning. And as chief engineer of the Minute- 
man Program, Conway made significant contributions 
to the design of the engine. 

In press statements: Cottrell emphasized that the 
engine was designed for mass production. Sprenger re- 
called that such design features as “movable nozzles, 
high-strength steel cases and high-impulse propellant 
cast in a novel grain configuration . . . were no more 
than ideas at the initiation of the program.” And Con- 
way observed that the solid rocket typified by this en- 
gine “is unique in that, once development problems 
are recognized and solved, they stay solved.” 


Recommended Reading 


FORTUNE MAGAZINE hailed M.I.T. as “the greatest 
school of its kind” on the cover of its February issue, 
and featured a six-page article by Lawrence Lessing en- 
titled ““M.I.T. and the New Breed of Hairy Ears.” The 
article described the new demands on engineers, the 
changing curricula at M.I.T., and the Institute’s past 
and present services to the nation. 
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BY ROBERT M. SoLow 


USINESSMEN think of productivity as increasing 
B when they find a way of reducing the number of 
men it takes to operate a particular machine without 
any bad effects on its output, or a way of increasing 
the output of a machine without additional labor. In 
addition to such developments, we must include a lot 
of other things—some of them strange but all of them 
inevitable—to measure the productivity of the whole 
national economy. 

Imagine the American economic system as having a 
blank wall around it, so you can’t see what really hap- 
pens inside. All you can observe is that each year cer- 
tain primary inputs are fed into this economy. These 
are goods and services which are not part of the econ- 
omy’s current output; the main ones are labor services 
of different kinds and levels of skill, land and natural 
resources of various qualities, and pre-existing capital 
equipment—all kinds of new and old buildings, ma- 
chines, and inventories which represent the cumulated 
past savings of the population. These things are fed 
into the economy each year and it grinds away and 
produces some final output. 

The conventional classification of final output is into 
personal consumption (food, clothing, automobiles, 
haircuts, toys), private investment (the additions to 
capital equipment and inventories which will become 
the primary inputs of next year), and government ex- 
penditures on goods and services (items we choose to 
consume as a community rather than individually, such 
as Atlas rockets and the services of school teachers). 
The productivity of the national economy increases 
whenever this flow of final output grows larger without 
any corresponding increase in its cost in terms of pri- 
mary inputs, or whenever final output grows faster 
than primary inputs. 

This is not a simple notion. The final output is an 
assortment of widely different goods and services, 


‘ranging from jet aircraft to left-hand-hitting first base- 
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Education, Technology & the GNP 





Two-fifths of the growth in our national product 
came mainly from what goes on in men’s heads 


RoBERT M. SOLow, who is 
pictured at the right, re- 
ceived his doctorate from 
Harvard and has taught at 
M.1.T. since 1949. This 
article was part of a recent 
talk on “Productivity and 
National Performance” 
during a meeting of princi- 
pal officers of companies 
participating in M.1I.T.’s 
Industrial Liaison  Pro- 
gram. Professor Solow’s 
wit, as well as his scholar- 
ship, has won him an en- 
viable reputation at the Institute. He is now serving on 
the President’s Council of Economic Advisers. 








men. To reduce such heterogeneous items to compara- 
bility, the economist has to attach values to them and 
the values he uses are market prices. A tangible com- 
modity and an intangible service are supposed to be 
worth what they bring in the open market. The market 
value of the whole flow of final output is called the 
Gross National .Product (GNP); and when the effects 
of pure inflation or deflation of the price level have 
been eliminated, the resulting measure is called the 
Real Gross National Product. 


Millions of Decisions 


Valuing things at market prices means that some 
items which you or I might consider worthless or worse 
are counted as contributions to GNP. I happen to be- 
lieve, for instance, that the automatic choke was an in- 
vention of the devil. But if an automatic choke on a car 
enables it to be sold at a higher price, the GNP in- 
creases when cars are equipped with them. 

Other items such as legislation and justice are not 
bought and sold on the open market (though there 
have been some notable exceptions to this), so no cur- 
rent price is quoted. The economist has to value the serv- 
ices of such governmental agencies as courts and legis- 
latures at the wage and salary costs incurred in operat- 
ing them: The contribution to GNP of the nine Justices 
of the Supreme Court of the United States is measured 
by their combined salaries; and the contribution to 
GNP of the Louisiana State Legislature, engaged large- 
ly in frustrating the decisions of the Supreme Court, is 
valued at its salary bill. Such perversities, fortunately, 
are the exception rather than the rule, and when the 
real GNP increases faster than primary input the 
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chances are that the economic system has become 
more productive. 

What we do with the annual flow of GNP depends on 
millions of private and public decisions. How much of 
it we consume sensibly or frivolously within families, 
how much we save and invest to create a higher GNP 
for our children, how much we spend collectively to 
provide schools, fire protection, national defense, for- 
eign aid and snow removal—all this is determined by 
decisions made within families, by the boards of direc- 
tors of corporations, and by voters and their elected 
representatives. It is no easy matter to understand why 
things have happened in the past the way they have, 
and even harder to predict how these things will turn 
out in the future. But whatever we want to do with 
goods and services, they can come only from our Na- 
tional Product. And our private and collective desires 
to do more in the future can be satisfied only out of 
growth of the National Product. 

In principle, a rational and self-disciplined people 
could decide to satisfy its desire for more national de- 
fense and more private investment and more urban 
renewal by cutting back its own consumption. But it 
hardly even qualifies as cynical to suspect that the 
chances of getting more of those things are considerably 
improved if we can get them out of increases in Na- 
tional Product without putting pressure on consump- 
tion. 

In any case it would seem important to try to find 
out how rapidly America’s real GNP has increased in 
the past and what the sources of that growth have been. 
We can hope in this way to make a guess about how 
much economic growth we can expect in the future 
even though we do nothing special about it, and some 
hints about how we might accelerate that growth. 


The Sources of Growth 


Since 1929, the real GNP has grown on the average at 
a rate just under 3 per cent per year. That growth was 
far from smooth—in 1939 our economy had only re- 
gained the absolute level of output of 1929 in its long 
climb out of the depression. But a quantity growing at 
an average rate of 3 per cent a year will double in size 
every 24 years, and our present real GNP is about two 
and a third times what it was in 1929. This generation 
has about twice as much as the generation before. 

In 1929, however, between 70 and 75 per cent of 
the GNP was used for personal consumption, and that 
percentage has fallen now to 65 per cent. Private in- 
vestment has about held its own in percentage terms, 
and there has been a shift in the use of GNP from 
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personal consumption to collective consumption or gov- 
ernmental expenditures, primarily for defense. 

If we are interested in the improvement of our po- 
tential standard of living, rather than in military poten- 
tial or national grandeur or similar things, we should 
look at GNP per head of population. Since 1929 the 
population of the United States has grown about one 
and a fourth per cent per year. It follows that real 
GNP per head of population has increased by about 
1.7 per cent per year, and is now about 60 per cent 
higher than it was in 1929. A quantity growing at 1.7 
per cent per year takes about 42 years to double; by 
the year 2000, if present trends continue, real output 
per person may be about twice what it is now. 

Even now the annual flow of goods and services 
available to serve our personal and collective needs 
could be substantially larger than it is without any eco- 
nomic growth taking place at all: Part of the civilian 
labor force is unemployed, more is on short time. The 
steel industry is using only a fraction of its capacity. We 
are, in short, in a recession and a lot of extra output 
could be had by improving the short-run state of 
affairs. 

One of the best medicines for long-run growth is 
short-run prosperity. But leaving aside short-run slack, 
where can increased real output come from? Since na- 
tional productivity as we have defined it is a ratio of | 
final output to primary inputs, extra output can come | 
either from increased primary inputs or from higher | 
productivity. The line separating these two sources of : 
growth is not a sharp one. 







The Primary Inputs 


Let’s consider the primary inputs first. In the absence 
of territorial changes, the supply of land and natural 
resources doesn’t change. (Although resources can be 
discovered and developed, this requires labor and capi- 
tal.) But the input of labor can increase—and it has. 
The observed increase in the country’s input of labor 
has been the resultant of several tendencies, some 
demographic and some more directly social. 

There is an increase in employment when the popu- 
lation grows and also (as has happened since 1929) 
when the fraction of the population engaged in produc- 
tion increases. But this increase in the labor input has 
been partially offset by a reduction in hours worked 
per year. Changes in the demographic composition of 
the population make a difference, too: The labor sup- 
ply changes in quality and quantity as the age distribu- 
tion of the population shifts and as the level of health 
and strength improves. Social institutions matter, too: 
The participation of women in the labor force affects 
its quality, and so does the efficiency with which the 
skills of women are utilized. And another very impor- 
tant contribution to economic growth lies squarely on 
the borderline between increases in input and in pro- 
ductivity: This is changes in the education of the labor 
force. 

Shall we think of this as equivalent to an increase in 
the labor input, a high school graduate counting as 
contributing “more” labor than a worker who left school 
in the sixth grade? Or shall we think of a better-edu- 
cated, better-trained labor force as one of the sources 
of higher productivity? It does not matter, as long as 


we keep it straight and recognize how important it is. - 
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The other great primary input is reproducible capital 
equipment: buildings, machines, inventories, vehicles, 
and the rest. One important way of getting increased 
output is by equipping the labor force with more 
horsepower, more capital, more of the fruits of saving. 
But here, too, we must draw a hypothetical line be- 
tween changes in the amount of capital used in indus- 
try and improvement in the quality of capital goods. 
The latter ought properly to be counted as a source of 
increased productivity; most new processes need to be 
embodied in a new type of capital equipment, and a 
high rate of investment increases the speed with which 
technological inventiveness gets built into production. 


Factors in Productivity 


Coming now to improved productivity as a source of 
economic growth, there are at least three general cate- 
gories: One has already been mentioned—ordinary 
technological progress, new products, new methods, new 
ideas, the results of research and inspiration. Secondly, 
a gain or loss in productivity may stem from improved 
or worsened economic organization. I have in mind 
such things as monopolistic restrictions, certain kinds 
of union rules, barriers to the flow of goods, immobil- 
ity of labor and resources, and practices imposed 
either privately or by government. A third possibility, 
known to Adam Smith, is that the sheer increase in 
the size of the economic system may yield economies 
of scale by permitting greater specialization and divi- 
sion of labor and allowing goods to be produced in 
plants of optimal size. If you believe that the “ultimate” 


source of productivity is the American Family, or the 
Democratic Way of Life, or the Republican Party, you 


“may be right. But the ultimate causes must work 


through one of these proximate sources. 

In what proportions has economic growth since 1929 
come from each of these sources? This is no simple 
matter and a lot of guesswork and assumptions have 
gone into answering this question. I’ve tried my hand 
at it and so have many others. The figures | am going 
to give you come from a recent study by Herbert Stein 
and Edward Denison (both of the research staff, Com- 
mittee for Economic Development), which is more 
complete than anything else done along these lines. 

Remember that the real GNP has grown by about 3 
per cent per year since 1929. About one-third of that 
growth, or one per cent per year, is attributable to in- 
creased employment. (Employment rose about 1.3 per 
cent per year but without accompanying investment, 
etc., could only increase output by one per cent per 
year.) Shorter hours canceled about one-fifth of this 
growth. So altogether, the increase in labor input was 
responsible for about eight-tenths of one per cent of 
the total growth rate of 3 per cent per year. Stein and 
Denison add to that a contribution of a tenth of one 
per cent from changes in age and sex composition and 
bet’cr utilization of women workers. Thus we account 
for growth of nine-tenths of one per cent per year, or 
30 per cent of the observed growth rate of 3 per cent. 

Investment was the source of growth at the rate of a 
bit over one-half of one per cent a year, accounting 

(Continued on page 34) 
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FAR MORE POWERFUL MAGNETS than ever were 
available before are being built at M.I.T. under a $9,502,000 
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contract with the Air Force. This drawing by Percy Lund 
is based on plans now taking shape for the new facility. 
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A Century of American Building 


BY MARTIN MANN, *41 


ype PICTURES on these pages were 
selected from an unusual display, 
created especially for M.I.T.’s Cen- 
tennial celebration, that traces a cen- 
tury of American building. Each pho- 
tograph shows a landmark in archi- 
tecture—a combination of materials, 
structure, and aesthetics which has in- 
fluenced the buildings we now live 
and work in. 

The display, planned by Professor 
Carl W. Condit, the Northwestern 
University architectural historian, 
analyzes the way new materials and 
engineering techniques were adapted 
to new needs. It covers nine periods 
from pioneer works and early sky- 
scrapers to the revolution in concrete 
that is now under way. 

Among the few small buildings that 


e202 ele pass 


ous tas LT 3 


Landmarks shown in the M.I.T. Centennial Exhibit disclose how 


materials, structure, and aesthetics have influenced architecture 


Professor Condit included is St. Mary’s 
Church, built in 1833 in Chicago by 
Augustine Taylor. Taylor pioneered 
the balloon frame that is still stand- 
ard for most homes. Instead of heav- 
ily braced posts and beams, he com- 
bined light but closely spaced studs 
and siding into a stressed skin—strong 
but easily and quickly nailed together 
by a moderately skilled carpenter. 
This simple system became practical 
in the early 1800’s because of two re- 
lated developments: sawmills to pro- 
vide economical cut lumber and ma- 
chines to mass-produce cheap nails. 
At almost the same time that homes 
shifted from a curtained skeleton to 
uniform load-bearing walls, the de- 
sign of large buildings began to move 
the other way. A basic reason again 


TAC PenARe 


THE GRAND CENTRAL TERMI- 
NAL train shed in New York, 1869- 
71 (John B. Snook, architect; Isaac C. 
Buckhout, engineer) was a large, ad- 
vanced, example of 19th Century 
wide-span enclosures free of interme- 
diate supports. It was based on Euro- 
pean precedents. . 
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THE MONADNOCK BUILDING in 
Chicago, 1889-91 (Burnham and 


«Root, architects) was the last tall 


building with masonry bearing walls, 
and was a peculiarly forceful expres- 
sion of structure and function which 
relies on simple geometric form for its 
effect. 


was materials: cast-iron and, later, 
steel beams and columns. They made 


possible the big-windowed, spacious 4 


and tall structures that rapidly ex- 
panding American cities demanded, 
The first American building construct- 
ed entirely of cast-iron was James 
Bogardus’ factory, which went up in 
New York City in 1848-1849. Even 
in exterior treatment, it foreshadows 
such modern monuments as Seagram 
House (designed by Ludwig Mies van 
der Rohe and Philip Johnson), which 
Professor Condit flatly calls “the fin- 

est . . . contemporary skyscraper.” 
Most recently, architects have been 
achieving radical results with two dif- 
ferent—almost opposite—techniques. 
On the one hand they have exploited 
(Concluded on page 23) 
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THE AUDITORIUM in Chicago, 
1887-89 (Adler and Sullivan, archi- 
tects) was the first of the masterpieces 
of Louis H. Sullivan, °74, America’s 
most creative architect. It consists of 
three distinct parts integrated into a 
single volume: The great theater 
stands between a hotel on the east and 
an office block on the west. Every 
structural device available to its plan- 
ner was called on, but none of this 
intricate structure is visible from the 
interior. Sullivan treated the interior 
spaces as open volumes enclosed by 
richly ornamented planes or by the 
curving surfaces of elliptical vaults. 


THE WANAMAKER STORE in 
New York, 1859-60 (John Kellum, 
architect) was one of the triumphs of 
the iron front, thanks to its pleasing 
proportions, the vigorously articulated 
pattern of the columns, beams and 
arches, and the deep-set windows. 
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THE CARSON PIRIE SCOTT store, 
1899, 1903-04, 1906 (Louis Sullivan, 
architect) marked the high point of 
the functional tradition in the Chi- 
cago school and is the foremost 
American example of the transforma- 
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* tion of utility and structure into 
powerful architecture. The great cel- 
lular screens along the streets are 
derived directly from the steel cage 
behind them. Such a treatment of the 
elevations is the distinguishing mark 


of the Chicago school. The interplay 
of tension and compression, of thrust 
and counterthrust, is given intensified 
expression by subtle but effective 
means. It stands on one of the na- 
tion’s busiest shopping corners. 
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the tremendous strength of metals un- 
der tension: cable-suspended roofs, and 
huge buildings made of light met- 
al grids such as Unistrut, Mobilar 
Space Truss or Geodesic Dome. The 
repair shop of the Union Tank Car 
Company, at Baton Rouge, for ex- 
ample, is a Geodesic Dome big enough 
to cover a football field (with room to 
spare). Yet it is made of only 567 
tons of simple hardware assembled 
with hand tools. 

In the opposite direction is a re- 
newed use of concrete—a material of 
almost no tensile strength. Improved 
techniques of reinforcement, and of 
adding strength through shape, have 
led to such magnificent buildings as 
the multi-domed terminal at Lambert 
Field i» ~. Louis. 

Some of the buildings to be shown 
in the display are pictured on these 
pages, with captions based on Profes- 
sor Condit’s comments. He describes 
the Seagram Building (at right) as a 
“delicate prism of amber glass.” 

The display, to be set up in the 
lobby at the Massachusetts Avenue en- 
trance to M.I.T., was designed by 
Herbert Matter of New York City. 


SEAGRAM HOUSE in New York, 
1956-58 (Ludwig van der Rohe and 
Philip Johnson, architects; Severud, 
Elstad and Krueger, engineers) has a 


plaza associated with it, as do many 
of the newer high office buildings, to 
provide welcome open space. 
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THE GUARANTY BUILDING in 
Buffalo, 1894-95 (Adler and Sullivan, 
architects) is one of Sullivan’s best 
known buildings. It provided the steel- 
framed skyscraper with a dynamic 
form. 


THE ST. LOUIS AIRPORT TERMI- 
NAL, 1954-55 (Helmuth, Yamasaki 
and Leinweber, architects; William C. 
E. Becker, engineer) is the most im- 
pressive dome-like structure built so 
far in the United States. 


























A Day Beneath the Reactor 


BY PAUL STERANKA 


SEVERAL patients with malignant brain tumors have 
been treated this past winter at the M.1.T. Reactor on 
Albany Street. The nature of the disease is such, how- 
ever, that it will take years to determine the results of 
the treatment. Simply calibrating some of the equip- 
ment used in the medical room took two years, before 
the first patient was treated. 

Paul Steranka, ’60, a graduate student in nuclear en- 
gineering, wrote this account for The Review of a 
treatment which he witnessed. In this treatment, neu- 
trons produced by the reactor were directed at cancer- 
ous tissue containing a boron compound. The boron 
atoms then gave off alpha particles with great energy, 
which it is hoped destroyed the cancerous cells selec- 
tively without harming neighboring normal cells. 


pw AMBULANCE from the Massachusetts General 
Hospital backs slowly through the outer doorway 
to the M.I.T. Nuclear Reactor building. The outer door 
mechanically seals before Larry Ristuccia, a reactor 
technician, presses a button to open the inner door of 
the set of doors designed to maintain the reactor build- 
ing at slightly sub-atmospheric pressure. 

Two attendants emerge from the ambulance and 
swing open its rear. A doctor helps them pull out the 
stretcher, revealing the somber face of a 20-year-old 
girl. Although conscious, she has received medication 
and blinks frequently. The girl glances at the large 
structure in the center of the huge, domed room, while 
being wheeled across the room and onto the elevator. 
Only the whirring of its motor breaks the silence as the 
elevator descends. It is 8:30 A.M. 

The stretcher is taken from the elevator into the ad- 
jacent L-shaped anteroom and there is a low hum of 
voices as numerous people make preparations. Joan 
Koepcke, the head nurse, prepares drapes and linen, 
furriedly moving equipment into the medical therapy 
foom, a small 10-by-15 foot room directly underneath 
the reactor. Judy Gates helps her, and Kate Hambro, 
already inside the medical therapy room, rapidly ar- 
fanges myriads of surgical instruments. Three anesthe- 
tists, Drs. Don Todd, Sertia Walzer, and Dennis Sur- 
tees, prepare the anesthetic apparatus. Orderly Rocky 
Morris stands by the patient and Dr. Robert Ojemann, 


The assistant superintendent of operating rooms at Mas- 
Sachusetts General Hospital, Joan Koepcke, watches at the 
Observation window of the M.1.T. Nuclear Reactor while a 
patient’s brain tumor is treated with a beam of neutrons. 
The recipient of therapy, alone in the operating room, is 
‘feceiving anesthesia and the reactor is operating normally. 
Other research work proceeds as usual on the floor above. 
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Irradiation of a brain tumor with neutrons is a 
delicate, lengthy task, which calls for the knowl- 
edge and skills of many well-trained specialists 


resident surgeon at the Massachusetts General Hospital, 
talks briefly with the girl. A white stocking cap covers 
the girl’s head. 

“Did you have a good night’s sleep?” Joan Koepcke 
asks the patient. 

“Yes, but I woke up too early this morning,” she an- 
swers clearly, her eyes closed. 

“Even after all those pills I gave you?” Dr. Todd 
comments. 

On one side of the room, Professor Theos J. Thomp- 
son, designer and director of the M.I.T. Research Re- 
actor, discusses the day’s work with Dave Lanning, its 
operating superintendent. Dr. Harriet Hardy, Assistant 
Medical Director of the M.I.T. Medical Department, 
stands in a group with Dr. Martin Lubin and Costa 
Maletskos, biophysicists. Sam Levin gestures to Ed 
Karaian and Pat Coggio, who return from the medical 
therapy room, radiation counters in hand—they are 
members of Radiological Safety. Gordon Brownell, 
head of physics research at the Massachusetts General 
Hospital, is explaining a point to two assistants, Charlie 
Porter and Les Parker. The anteroom is crowded, pro- 
voking frequent “excuse me” outbursts from the nurses. 
Everyone is clad in hospital suits, the men in wrinkled 
gray slacks and shirts, the women in gowns; everyone 
wears a hospital cap and mask; everyone wears boots; 
those without glasses wear goggles to protect their eyes 
from the ultraviolet radiation being used to aid in the 
sterilization of the area. 

The patient is gently raised onto the operating table in 
the anteroom. Her arms are bared and various bits of 
equipment are immediately taped onto them. Mean- 
while, six badges and six dosimeters are taped at vari- 
ous positions on her body to record radiation dosages 
for future study. Doctors Todd and Surtees continue to 
prepare to administer anesthesia, as Dr. Walzer gives 
the girl a hypodermic. The patient does not wince. At 
8:57, the girl begins breathing the anesthesia through a 
tube and within the minute she is asleep. 

At 9:00, Dr. Ojemann removes the cap from the 
girl’s head, exposing a foot-long, half-circle scar. He 
shaves the critical area, which looks shaved clean al- 
ready. Dr. William H. Sweet, neurosurgeon at the 
Massachusetts General Hospital, enters the anteroom 
and Professor Thompson greets him. There is no smil- 
ing or general talk, only a few discussions, many in- 
structions, much activity. Judy Gates helps Dr. Sweet 
pull on rubber gloves, and he joins Dr. Ojemann be- 
side the patient. 

At 9:25, the girl is wheeled into the medical therapy 
room, which was designed and constructed as a surgical 
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operating room. Rocky Morris adjusts the three over- 
head operating lights to Dr. Sweet’s satisfaction, bright- 
ly illuminating the operating area. The rest of the room 
is dimly, but adequately, lit by two ceiling lights. Doc- 
tors Todd and Walzer continue to control the anesthesia 
in the operating room; Mrs. Hambro is preparing to 
handle the surgical instruments for Doctors Sweet and 
Ojemann as they assume their positions. 

The two doctors begin; the incision is made along the 
scar in the scalp; the flap is turned back, secured; four 
holes are drilled in the skull; a small, curved saw is 
passed under the skull, extending out through two of 
the holes; the skull is sawed, slowly, carefully. Many 
minutes pass. Dr. Sweet’s hands labor incessantly, as 
Dr. Ojemann assists him. Mrs. Hambro hands instru- 
ments to the two doctors, arranges other instruments, 
removes used instruments. Dr. Todd listens to the pa- 
tient’s heartbeat with a stethoscope; a cardioscope in 
the anteroom displays the girl’s pulse. Several viewers 
gaze from the anteroom through the small two-by-four 
foot viewing window. 
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At 9:57, Dr. Sweet removes the piece of skull and 
wraps it in tissue. Then the dura mater is opened and 
the brain tissue is exposed. The doctors use electrodes, 
which shut off small blood vessels, to control the bleed- 
ing. The minutes pass, Dr. Sweet consults with Dr. Oje- 
mann, calls for instruments, gives instructions; his hands 
have not stopped since he began. The young nurse 
standing on a stool next to Dr. Sweet glances around 
the room, her eyes very intent, her cap pulled down 
tightly across her forehead, in nun-like fashion. Gordon 
Brownell moves into the operating room to tell Dr. 
Sweet that Al Soloway has arrived with the boron com- 
pound. At 10:12, the dura mater is flapped back and 
secured. The opening in the skull is as large as a man’s 
fist. 

“I would like to have the experts come over here 
to criticize,” Dr. Sweet calls out. Gordon Brownell 
moves around the operating table to the area where 
Dr. Sweet is standing; Charlie Porter and Les Parker 
follow him. Dr. Sweet points out the cancerous brain 
tissue to Brownell, noting which area needs to be ir- 
radiated. Dr. Sweet and Brownell discuss the ensuing 
treatment. They are the two men most instrumental to 
the events taking place this day: Dr. Sweet is the neu- 
rosurgeon who conceived the idea of treating brain can- 
cer in this manner. Surgery alone is ineffectual in ma- 
lignant types of brain tumors such as this. Brownell 
has directed the radiation aspects of the treatment. 
Their progress has been aided by many others: Al Solo- 
way’s work on boron compounds, Charlie Porter’s and 
Les Parker’s work calibrating the radiation levels in 
the medical therapy room, and Robert Schermer’s ef- 
forts in determining the neutron energies of the radia- 
tion. Dr. Sweet and Brownell continue their discussion 
while Dr. Sweet makes final preparations. 

“I'd like a light over my right shoulder, looking down 
like this,” Dr. Sweet calls out. Rocky Morris quickly 
adjusts one of the overhead lights. “This looks like nor- 
mal brain tissue down here . . . ,” Dr. Sweet says to 
Dr. Ojemann, speaking in soft tones. His hands work 
less rapidly as he completes his task. 


26 





At 10:47, Dr. Sweet begins placing several tiny gold 
foils, six in number, and three short gold wires at vari- 
ous places in the open area, calling their number and 
medical position in a firm voice; Les Parker records 
their positions. Dr. Ojemann repeats the complex medi- 
cal terms of positioning for Parker. These foils and 
wires will serve to measure the neutron intensity at the 
various positions for post-irradiation studies. Dr. Oje- 
mann inflates a small white balloon at the instrument 
table and inserts it into the open area of the patient's 
skull; the balloon is intended to ensure that the area 
remains open. Drs. Sweet and Ojemann begin sewing 
the skull collimator in place. This is a lithium fluoride 
cylinder, one inch high, with a four-inch hole, and half- 
inch thick walls. Four flaps enable Drs. Sweet and Oje- 
mann to sew the collimator to the drapes around the 
operative area, which are secured tightly. When joined 
to its counterpart in the ceiling, the collimator will 
provide a beam of neutrons for the cancerous area, 
and neutrons not in this beam will be absorbed by the 
lithium fluoride as protection to the rest of the head. 
Dr. Sweet also places small bags of lithium fluoride in 
putty-like form around the skull opening inside the col- 
limator, and large bags around the outside of the col- 
limator to protect the noncritical areas. 

Al Soloway arrives with the boron compound, and 
Dr. Ojemann moves to take charge of the boron injec- 
tion. Dr. Sweet smoothes a plastic covering over the top 
of the collimator, stretches a rubber band around the 
collimator to hold it in place, begins positioning the 
patient’s head. Mrs. Hambro steps down from her 
stool, getting her first chance to rest. Charlie Porter and 
Rocky Morris help Dr. Sweet, as he tilts the head so 
that the critical cancerous area will be perpendicular 
to the beam of neutrons, which will be streaming down- 
ward during the irradiation. A plumb bob, hanging 
from the ceiling, guides him as the patient is moved 
into proper position. Meanwhile, Dr. Ojemann is inject- 
ing the boron compound into the girl’s bloodstream 
through the arm, assisted by Miss Gates. The boron 
compound will tend to concentrate selectively in the 
cancerous cells of the brain, the normal brain cells pre- 
senting a blood barrier to the boron compound; Drs. 
Sweet and Ojemann have been careful not to disturb 
the brain tissue itself. 
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All equipment is rapidly removed from the operating 
room into the anteroom; the anesthesia is stabilized 
and control transferred to the anteroom, the anesthesia 
flowing through a tube penetrating the medical therapy 
room wall. By 11:33, the patient is ready. Les Parker 
begins raising the operating table, using the foot pump 
in one corner. Dr. Sweet stands on a stool to direct the 
raising of the patient. “One more pump should do it,” he 
calls. Les pumps. “Okay that’s it,” announces Dr. 
Sweet, as the skull collimator fits against the ceiling. 

Dr. Sweet steps down quickly, the lights are turned 
off, save for one; everyone leaves the operating room. 
Dr. Sweet is the last one to leave; the inner gate is 
closed; the heavy door is mechanically closed. 

At the controls adjacent to the viewing windows, 
Charlie Porter announces, as he presses buttons, “Open- 
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The medical treatment room is directly below the reactor. 
A Rockefeller grant made this medical room possible. Only 
one other reactor has a special facility for medical work. 
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The patient’s head is precisely positioned near an aperture 
in the ceiling, through which the neutron beam is directed 
at cancerous tissue containing a boron compound. 


The team of workers (at left) can watch the patient being 
treated through a window containing a glass tank. It is 412 
feet thick and contains mineral oil to absorb radiation. 
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Massachusetts General Hospital surgeons around a patient who has been treated for a brain tumor below the M.IL.T. reactor. 


ing lead shutter”; several seconds later, “Opening boral 
shutter,” and at 11:49, “Opening water shutter.” It 
takes 45 seconds for the water to drain and the shutter 
to open. At 11:50, the irradiation begins. Now, all any- 
one can do is wait, for 45 minutes. 

No one can see the neutrons coming downward, but 
monitors indicate the intensity; they are streaming to- 
ward the cancerous tissue, reacting with the boron-10, 
the isotope used in the boron compound, producing 
highly energetic alpha particles, which destroy the cells 
immediately adjacent to their origins. 

Professor Thompson stands near Dr. Sweet at, the 
viewing window. “How does it look, Bill?” he asks. 

“Okay, so far, Tommy,” Dr. Sweet replies, nodding 
his head. Thompson gazes intently through the view- 
ing window. The M.I.T. Reactor is the only one in ex- 
istence capable of performing this’ treatment in a 
uniquely adapted manner, utilizing a downwardly di- 
rected beam of neutrons. Treatments have been given 
before elsewhere with a horizontal beam of neutrons, 
but such an arrangement prohibits the direct exposure 
of the brain tissue to the neutrons. Now, the vertical 
beam of neutrons available from the M.I.T. Reactor 
permits the cancerous brain tissue to be directly ex- 
posed to the neutron intensity, holding promise for the 
successful treatment of an otherwise fatal condition. 
Dave Lanning moves over by Professor Thompson. The 
girl looks helpless, lying motionless at the ceiling, a tube 
taped to her mouth feeding her anesthesia. 

Dr. Harriet Hardy returns, anxious to learn of the 
progress, as she speaks with Dr. Lubin and Costa Ma 
letskos. Ed Karaian and Pat Coggio measure the radia- 
tion level at the medical therapy room door and at the 
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viewing window. Drs. Todd, Surtees, and Walzer are 
grouped around the anesthetic apparatus, checking on 
the girl’s condition, watching the display on the cardio- 
scope, hearing the click, click, click of her heartbeat. 
Both her pulse and breathing are rapid. 

For the first time, the people are somewhat relaxed; 
there is nothing to do while the irradiation proceeds; 
the reactor is being relied upon to operate smoothly 
and deliver its continuous source of neutrons. Mrs. 
Hambro sits on a stool in the hallway just outside the 
anteroom, just staring; Joan Koepcke, Judy Gates, and 
Sertia Walzer engage in general talk. Dr. Sweet checks 
frequently with the anesthetists concerning the pa- 
tient’s condition. The many people pass in and out of 
the anteroom, nervously waiting, standing around, rest- 
ing on stools, walking back and forth, into the nearby 
reactor control room for a cup of coffee and some 
cookies. Greg Doyle, operator at the reactor console, 
checks the reactor log; the reactor is operating nor- 
mally. 

Upstairs, on the reactor floor itself, experiments go 
on as usual. Several people are readying apparatus for 
installation in the reactor; several are preparing an- 
other facility for use; professors and students are busy 
with their research on various topics around the re- 
actor; their work goes on, unaffected by the irradiation 
taking place below them, but they inquire from time to 
time about its progress. 

The minutes pass, 15 minutes, 30 minutes, before 
Dr. Sweet re-enters the anteroom, and says, “Eight 
minutes to go, so we better start getting our costumes 
on.” Everyone is essentially ready anyway, but his 

(Concluded on page 42) 
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THE WESTERN INTELLECTUAL TRADITION, by 
J. Bronowski and Bruce Mazlish; Harper & Brothers 
($7.50). Reviewed by J. Samuel Jones, Assistant to the 
Director of Student Aid at M.1.T. 


THis has been a well-received book, generally favored 
by critics in the major reviews. It is further reviewed 
here to point up some aspects of perhaps special inter- 
est to Alumni and friends of the Institute. 

Professor Bronowski, of Great Britain, was Carnegie 
Visiting Professor at M.I.T. Professor Mazlish is assist- 
ant professor of history in the M.I.T. Department of 
Humanities. Their writing here reflects M.I.T.’s tradi- 
tional interest, going back to William Barton Rogers, in 
the interrelationship of science and philosophy, of tech- 
nology and culture. Undergraduates and Alumni who 
have had no more than the required brush with the 
faculty of Courses XIV and XXI will find in this book 
familiar names and ideas, and recognize many of the 
arguments and judgments. For here are the key men, 
ideas, methods, and issues which have tended to shape 
Western civilization. 

Scientists and engineers are not, I think, prone to 
concern themselves directly and professionally with the 
historical development of their subjects. Especially the 
human side of that development has, strictly speaking, 
been historically of no scientific interest. As ideas and 
tools acquire objective validity, any subjective context 
tends to become irrelevant. 

The historians of ideas, especially those modern stu- 
dents who understand the impact of science, mathemat- 
ics, and technology on the intellectual traditions of a 
society, nevertheless see important values to be served 
by examining through time the subjective context as 
well as the objective content of any culture. The pres- 
ent authors, for instance, say that “the creation of a con- 
temporary culture . . . hinges on one central prob- 
lem: to find a coherent relation between science and 
the humanities.” Thus, the future scientist must sense 
the value of the humanities, and the humanist should 
get at least “a glimpse of the methods, the depth, and 
the inspiration of science.” 

Implicit here is a concern that today these two forces 
have drawn apart, leaving scientists with no past, and 
humanists with perhaps no future, tending to become 
antiquarians. We can shape our culture, and keep it 
integrated, Bronowski and Mazlish are saying, only by 
educating each other in the values and methods, to- 
gether with an understanding of the common past, of 
the two intellectual forces. 

A second purpose relates to the first. If the authors 
are correct in their implications—and Werner Heisen- 
berg in his Physics and Philosophy supports them— 
the scientist will tend to view nature more or less ac- 
cording to the limitations of his culture. Moreover, he 
must formulate his hypotheses, at critical junctures, in 
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common language, itself a cultural phenomenon. The 
godlike “objectivity” of the Newtonians has given way 
to a more humble, human objectivity, in the face of 
relativity, quantum mechanics, and probability, where 
the old subjective dilemma of the social scientist as ob- 
server and observed is a limiting condition. 

Bronowski and Mazlish take us back to the time of 
Leonardo. Here begins an expanding physical and in- 
tellectual world learning to look more directly at na- 
ture, more pragmatic, more and more secular, more 
human centered. Out of an almost morbidly insecure 
past, we see man turning from dogma to inquiry, strug- 
gling to turn from authoritarian institutions to institu- 
tions of consent and persuasion. Dissent, the authors 
argue, is the unifying theme of the age since the ad- 
vent of Leonardo. Sensibility, rather than revelation, is 
the evolving ethos of this modern age. 

But dissent begets dissent, as revolution and reforma- 
tion beget counterrevolution and counterreformation, 
and rationalism begets romanticism. And dissent is not 
always “reasoned,” as the authors here imply. At least 
the somewhat overly precise response of the Puritans to 
the theory of divine right of kings—the taking of Charles 
I’s head—may have seemed a bit unreasonable to the 
Cavaliers. 

It is fair to warn prospective readers that they won't 
get off lightly with this book. Though many chapters 
can stand free as essays, albeit well articulated with 
the whole, much of the material covered, and the argu- 
ments, will stimulate if not require more and more read- 
ing. Thus, the book has certain defects of its virtues. It 
is a superb basis for lectures, but it is not always at the 
level of “general reading.” 

Perhaps best illustrating the point here taken is the 
chapter on Kant. Kant doesn’t come clear, in my judg- 
ment, until we are several paragraphs into Hegel. More 
significantly, Kant’s philosophical influence on German 
scientists, especially Helmholtz, is only mentioned in 
a footnote. We are dropped pretty directly after Hegel 
and left hoping for more to come. 

This illustrates a profound difficulty in historiography. 
To be relevant, history logically should begin now, and 
proceed backward. But the unhistorical present pro- 
vides too few canons of relevancy—many roads lead 
backward. Hence, the paradox is that we need to know 
the beginning in order to understand the priorities of 
the present, but to know where and when to begin re- 
quires some ordering of the present. This predicament, 
however, is one that men such as Bronowski and Maz- 
lish obviously tackle with exuberance and relish. 

There are some minor flaws and major gaps in the 
book, as I judge it. There is an occasional lapse into 
journalese, but these are more than balanced by some 
extraordinarily pungent summary lines: “Having con- 
quered the king, the Parlements lost the nation.” That 
is the story of the French Revolution. 

Francis Bacon rates no chapter to himself, and so 
remains a peripheral figure. As for gaps, they are most- 
ly accounted for by the authors. However, I would have 
welcomed something on the theme of fear and inse- 
curity, a topic not historically accounted for by having 
Hobbes and Locke vis-a-vis, and a chapter on Grotius 
and the development of the idea of International Law. 

No matter, this is an exciting, readable book. 
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OUTWARD BOUND FOR SPACE, by David O. 
Woodbury, ’21, with illustrations by Henry B. Kane, 
*24; Atlantic Monthly Press ($4.50). Reviewed by Walter 
McKay, ’34, Associate Professor of Aeronautics and 
Astronautics at M.1.T. 


THIs inspiring, comprehensive, and tightly written book 
tells the story of space exploration and its future pos- 
sibilities for peaceful purposes. The first chapters trace 
the history of rocketry, including an appreciation of 
Professor Goddard’s pioneering work, give a brief ac- 
count of the massive German development effort dur- 
ing World War II and the postwar pre-Sputnik work in 
this country at White Sands with Viking, which was 
followed by the too highly refined Vanguard, under- 
taken as part of this country’s IGY participation. Mr. 
Woodbury may well have winced as he wrote this chap- 
ter and remembered how reception of his earlier book 
about Vanguard was clobbered by the bursting of Sput- 
nik I upon a surprised world. The story from Van- 
guard on will still be green in readers’ memories, but 
the author has brought good perspective to the impact 
of Sputnik I on our subsequent space programs. 

The middle of the book spells out technical problems 
of space flight such as propulsion, guidance and re- 
entry into the earth’s atmosphere. The space environ- 
ment is described and the question of man’s ability to 
survive and function in such alien surroundings is dis- 
cussed, with our first steps being taken in Project Mer- 
cury. Throughout, Mr. Woodbury has shown his usual 
skill in reflecting the views of specialists, which he has 
diligently gathered, and his assessments of the capa- 
bilities of man and machine are technically correct 
and essentially conservative. 


search programs and include descriptions of the capa- 
bilities of rockets now under development. The environ- 
ments of the moon and the near planets, Venus and 
Mars, are examined. Prospects for unmanned and 
manned flights to these and more distant bodies are dis- 
cussed, here again with a realistic outlook on the moti- 
vation for such flights as well as their difficulties. The 
author does not see us about to depart for distant plan- 
ets, let alone Alpha Centauri. Rather, an extended period 
of continued research over the nearer regions of space 
is indicated. Despite this restraint, the tremendous ex- 
citement and sense of adventure which space flight 
arouses in many, and which touched the whole world 
at the time of the first Sputnik, shines through. 


Technical Works 
NEW PUBLICATIONS especially likely to interest Alumni 
of M.I.T. include: 

Adaptive Control Systems, by Eli Mishkin (formerly 
of the M.I.T. staff) and Ludwig Braun, Jr., of the Poly- 
technic Institute of Brooklyn (McGraw-Hill Book 
Company, $16.50). 

Plasma Physics, by James E. Drummond, with a chap- 
ter on “Plasma Physics Research at M.I.T.” by Sanborn 
C. Brown, ’44, Associate Professor of Physics at M.LT. 
(McGraw-Hill Book Company, $12.50). 

Sequential Decoding, by John M. Wozencraft, ’51, 
Associate Professor of Electrical Engineering, and 
Barney Reiffen, of Lincoln Laboratory (The Tech- 
nology Press and John Wiley & Sons, Inc., $3.75). 

The Tragedy of the Chinese Revolution, by Harold 
R. Isaacs, Lecturer in Political Science at M.I.T. (2d Re- 
vised Edition, Stanford University Press, about $7.50). 





1901 June 10-11. Endicott House, Dedham. Theo- 
dore H. Taft, Secretary, 34 Lawrence 
Street, Jaffrey, N.H. 

1906 June. Plans in progress. 

Edward B. Rowe, Secretary, 11 Cushing 
Road, Wellesley Hills 81. 

1911 June 9-11. 50th reunion: Snow Inn, Harwich 
Port, Mass. Oberlin S. Clark, Reunion 
Chairman, 50 Leonard Road, North Wey- 
mouth. 

1913 June 9-11. Hotel-Motel 128, Dedham, Mass. 
G. Philip Capen, Secretary, 60 Everett 
Street, Canton. 

1916 June 9-11. Oyster Harbors Club, Osterville, 
Mass. Thomas D’A. Brophy, Reunion 
Chairman, 470 Park Avenue, New York, 
N.Y. 

1921 June 9-11. Mayflower Hotel, Manomet 
Point, Plymouth, Mass. Melvin R. Jenney, 
Reunion Chairman, KenWay, Jenney and 
Hildreth, 24 School Street, Boston 8. 

1926 June 9-11. The Belmont, West Harwich, 

Mass. Robert T. Dawes, Reunion Chair- 
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man, Thomas Taylor & Sons, Hudson, 
Mass. 

1931 June 9-11. Wianno Club, Osterville, Mass. 
Harold D. Gurney, Reunion Chairman, 50 
Victoria Road, Quincy 69. 

1936 June 9-11. 25th reunion: Baker House, M.I.T. 
Reunion Co-Chairmen: Vincent T. Esta- 
brook, 25 Varick Road, Waban 68; Harold 
F. Miller, 50 Corell Road, Scarsdale, N.Y. 

1941 June 9-11. Bald Peak Colony Club, Melvin 
Village, N.H. Reunion Co-Chairmen: 
Johan M. Andersen, Saddle Hill Road, 
Hopkinton; John F. Sexton, 14 Rangeley 
Road, Winchester. 

1946 June 9-11. Snow Inn, Harwich Port, Mass. 
James S. Craig, Reunion Chairman, 4 The 
Valley Road, Concord. 

1951 June 9-11. Chatham Bars Inn, Chatham, 
Mass. Charles H. Spaulding, Reunion 
Chairman, 9 Belfry Terrace, Lexington. 

1956 June 9-11. Woodbound Inn, Jaffrey, N.H. 
Robert L. Malster, Reunion Chairman, 49 

Elsinore Street, Concord. 
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Professors 
Now 


PROMOTION of 15 mem- 
bers of the Faculty of the 
Massachusetts _ Institute 
of Technology was an- 
nounced this spring by 
President Julius A. Strat- 
ton, ‘23. Six of the men 
promoted are Alumni. 


Peter T. Demos, ’51 
Physics 


George G. Harvey 
Physics 


Alan S. Michaels, °44 
Chemical Engineering 
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Roger W. Brown 


Economics 





James A. Fay, °47 
Mechanical Engineering 


Vernon M. Ingram 
Biology 





J. Francis Reintjes 
Electrical Engineering 





Noam A. Chomsky 
Modern Languages 





Richard H. Frazier, ’23 
Electrical Engineering 





Yao T. Li, ’38 
Aeronautics 





Alexander Rich 
Biology 








F. Albert Cotton 
Chemistry 


Morris Halle 
Modern Languages 





Thomas H. D. Mahoney 
Humanities 





Paul E. Sandorff, °39 
Aeronautics 
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25 Years Ago... 


ON THE OCCASION of the Institute’s Diamond Jubilee, 
writing in The Review for April, 1936, under the title 
“Whither Bound?” President Karl T. Compton fore- 
saw that, “The importance of technological education 
will continually increase . . . (2) There will be in- 
creasing differentiation between technological and tech- 
nical training, i.e., between the engineering school and 
the trade school. The field is rapidly becoming too 
complex to be included in one and the same curricu- 
lum, and the school which attempts to straddle both 
will succeed in neither. 

“(3) Large industrial units or associations will in- 
creasingly establish their own trade schools to train 
expert technicians for their own special purposes. 
. . . (4) Undergraduate curriculums in technological 
schools will increasingly avoid specialization except in 
rather general fields, and will devote increasing atten- 
tion to physics, chemistry, and the general principles 
and methods of engineering, with supplementary edu- 
cation in social science and training in the art of expo- 
sition. Such broad and basic training is needed to give 
the vision and adaptability required for positions of 
responsibility in a world of activities which are in- 
creasingly dependent on applications of science in new 
and varied ways. 
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“(3) As a corollary, the increasing need for many 
technological specialists will be met by the graduate 
curriculums, and we may expect a continuation of the 
recently growing emphasis on graduate study. (6) We 


will see increasing differentiation in scope and more 


logical adaptation to environment in our colleges and 
universities. . . . (7) Research will become a con- 
tinually more important activity in the leading tech- 
nological schools. .. . 

“(8) Finally comes the question: ‘Will increasing 
taxation and other methods of forcibly distributing 
wealth so cripple private philanthropy in this country 
as to sound the death knell of the privately supported 
educational institutions, leaving all education in the 
hands of the State?’ Inflation and taxation in an essen- 
tially socialistic state could accomplish this. If it should 
happen, education would be a major loser . 

“In conclusion, if these forecasts do not entirely 
miss the mark, they offer both encouragement and 
guidance in our efforts to make the Massachusetts In- 
stitute of Technology of the future a preéminently 
strong and serviceable institution. Above all, they indi- 
cate that the criterion for survival of a private institu- 
tion will be that it offers a quality of education and 
public service, definitely superior to that obtainable in 
government-operated institutions. This is the challenge 
of the future to those who administer the affairs of pri- 
vate institutions . . .” 


50 Years Ago... 


On Aprit 10 AND 11, 1911, there took place a 
“Congress of Technology” to mark the 50th anniver- 
sary of the granting of the Institute’s charter. Follow- 

; (Continued on page 44) 





The Walker and Rogers Buildings as they appeared in the 1880’s. Students won permission to play tennis between them. 
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BUSINESS IN MOTION 





To wer Colleague on pa rineanes ..: 


The extruded copper section sketched below is used 
in a low-voltage circuit breaker made by one of 
the country’s leading electrical equipment manufac- 
turers. 

Originally it was two extrusions brazed together 
as shown by dotted line. However, it was reasoned, 
if it could be made as a single extrusion a number 
of operations would be saved. At first that pro- 
cedure appeared to be imprac- 
tical in a copper extrusion as 
intricate and heavy as this 
(piece of it only 3%.” long, 
measuring 414” x 47%”, weighs 
eight pounds, seven ounces). 

But the possibility was believed 
to be worth investigating. 

Through close collaboration 
between the manufacturer’s 
engineering department and the Revere Methods 
and Production Departments, it was found possible 
to combine these two sections into a single extru- 
sion. Work was started, dies were made and test 
runs conducted. The tooling (for hot extrusion was 
followed by cold drawing) also posed some special 
problems. It had to be both rugged and precise in 


order to produce this monster extrusion to the 


manufacturer’s exacting specification requirements. 

Finally, a sample extrusion was delivered to the 
customer for testing and found to be right in 
every way. 

Not only does this Revere Copper Extrusion elim- 
inate much costly machining in the customer’s plant, 
but it obviates the need to purchase separate extru- 
sions and braze them together. An extra benefit was 
gained in the form of longer 
life for the new extrusion, be- 
cause the heat required to join 
the two pieces used originally 
had tended to soften the built- 


up unit and thus shortened its 





useful life. 

So, while some problems 
may seem virtually insoluble 
at first, why not explore the 

possibilities by doing as this leading manufacturer 
did . . . call on the Revere Technical Advisory 
Service? In that way, by “fitting the metal to the 
job,” Revere may be able to help you to cut costs, 
produce a superior product, or both. 

In fact, it generally pays to adopt that principle 
with all suppliers—take them into your confidence; 


thus add their abilities and experience to your own. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 
Distributors Everywhere 
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Education, Technology & the GNP 
(Continued from page 19) 


for about 19 per cent of che recorded growth. Hence, 
about half of the growth rate of real GNP in the last 
30 years can be ascribed to increased primary inputs 
of labor and capital. 

Had this been all, our national output would have 
grown at a rate closer to one and a half per cent per 
year, and we would be much poorer than we are. The 
other half of the actual growth rate is a consequence of 
improved national productivity. 

When we look at this remainder closely, we see that 
about half of it is attributed to the historical increase in 
the education of the labor force. Real GNP, in more 
explicit terms, has increased about seven-tenths of one 
per cent a year since 1929—which is about a quarter 
of the total rate of growth—in consequence of the 
prosaic fact that each year’s labor force has been on 
the average better educated than the previous year’s. 

This leaves about 27 per cent of the full growth rate, 
about eight-tenths of one per cent a year, to be ac- 
counted for. Stein and Denison concluded that there 
was a slight loss of output because of greater restric- 
tions against optimal use of resources, but this didn’t 
amount to much. They attributed about one-third of 
one per cent a year to economies of scale. And they 
credited the rest, amounting to one-half of one per cent 
a year—a sixth of all the growth we’ve had—to ad- 
vances in technical knowledge and improvements in 


actual production practices. 
Together, education and improved technology ac- 


counted for about 40 per cent of the recorded growth 
of the last 30 years. Of the 3 per cent per year increase 
in real GNP, about 1.2 per cent has come mainly from 
what goes on in people’s heads. The national product 
per head has grown 1.7 per cent per year and it has 
grown 1.6 per cent per year per person employed. Of 
this latter rate of growth, no less than three-quarters is 
the result of increased education and increased knowl- 
edge. That’s something to think about. 


On the Other Hand... 


Such figures tempt one to leap ahead with predictions 
and policy prescriptions. But no one can guarantee that 
the next 30 years will reproduce the pattern. Our real 
product may not continue to grow at 3 per cent per 
year, and it may well be that whatever growth we get 
in the next quarter of a century will come from dif- 
ferent wellsprings. In some ways, in fact, this seems 
likely. 

According to Stein and Denison, we have earned a 
high yield from improving the educational level of the 
labor force. This process, however, may be subject to 
diminishing returns; giving everyone a high school edu- 
cation may have added more to the nation’s productiv- 
ity than sending everybody to college would—hard as 
this may be for a college professor to swallow. There 
is, moreover, some limit to the possibility of lengthen- 
ing the school year and adding to the number of years 
of schooling. 

Eventually, the only way left to increase educational 
input will be to improve the quality of education. This 

(Concluded on page 36) 





From New York Life’s yearbook of successful insurance career men! 


JIM MADDUX— Once a 
Scout leader, now he blazes 
trails in insurance sales! 


JAMES R. 
MADDUX 
New York Life 


Representative 
at the 


In becoming a New York Life Agent, Jim Maddux 
just shifted his natural talent for leadership from one 
field to another. As a senior patrol leader, he led a 
Scout group to a National Jamboree. After becoming 
an Eagle Scout, he represented his county at an Inter- 
national Jamboree in Austria. 


Ventura, Calif. 
General Office 


Education: 


Universit 
Southern ¢ ined 


alifornia, B.S. '56 





Selling life insurance offers Jim the same challenge 
he found—and liked—in Scouting. After his first year, 
he was eligible for Nylic’s “Star Club” of leading 
agents. As a further aid to his bright future, Jim now 
plans to study for his Chartered Life Underwriter 

degree. J 


New York Life 


Insurance @ylia Company 


College Relations, Dept. E-26 
51 Madison Avenue, New York 10, N.Y. 


nployment Record: Joined 
€w York Life "58. Memb 
Star Club '59, '60 _ 
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Jim Maddux looks forward to a future whose rewards 
are limited only by his own efforts and ambition. If 
you believe this kind of career would interest you, or 
someone you know, write for information. 
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TO THE PLACE 
WHERE THE FACTS GROW 


New York is the focal point for facts about securities. It is the natural place 
for us to be, since we are responsible for investments that run into the billions. 

But not all facts-in-the-making can be gleaned from investment man- 
uals, corporate reports, the financial news or even from correspondence 
with management. 

Someone has to catch a train or plane for the place where new facts 
are being born. He will talk with the chief executive officer and with other 
members of the official family who know. When new processes and prod- 
ucts are due to have an impact on earnings, he will learn about them at 
first hand. 

The officers of the Trust Company accept travel as a normal part of 
their business lives. Some facts will not come to us: we hunt them out and 
bring them back—alive. 





Unitep States Rust COMPANY 


or New York 
45 Wall Street 


VIEW 











GEARS 


Designed and 
Manufactured to meet 


YOUR 
Production Requirements 


Custom Gears Exclusively 


OIEFEN D:O:AF 


GEAR CORPORATION 
SYRACUSE 1, N. Y. 








How Curtis 
solved a close 
center-to-center 
problem 


The close center-to-center spacing of these drive spindles on a 
Sutton-Maust Precision Backed-up Roller Leveler created a 
tough problem for its manufacturer. He needed a universal 
joint strong enough to stand up under heavy rolling mill 
conditions, yet small enough to operate at such close quarters. 

The answer was a Curtis universal joint! The maximum load 
carrying capacity and minimum torsional deflection of the 
Curtis joint was found to be completely satisfactory. And 
Curtis’ famous Telltale Lock Ring construction permits quick 
disassembly for easier maintenance. 

This is just one of the many power transmission problems 
solved by Curtis universal joints — size for size the strongest 
universal joints designed for industry. Selected materials, 
precision engineering, and 40 years’ experience manufacturing 
universal joints exclusively make them that way. 


WRITE FOR THE NEW CURTIS CATALOG, JUST PUBLISHED 


TRADE 
14 sizes always in U 
stock ¥” to 4” O.D. 
MARK 


Not sold through dis- 

tributors. Write direct UNIVERSAL JOINT co., INC. 
for free engineering 84 Birnie Ave., Springfield, Mass. 

As neor fo you as your telephone 


data and price list. 
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Educaticn, Technology & the GNP 


(Concluded from page 34) 


is desirable in any case, but it will also be costly, and 
the net economic return to society may be less. If you 
believe, as I do, that more and better education would 
be a good thing even on wholly noneconomic grounds, 
aid wo:th what it will cost in diversion of resources, 
then the economic benefits are just a bonus. 

When we turn to policy-making, it is tempting to ac- 
centuate the positive and look only for places where 
conscious action promises a reward. But policy meas- 
ures have costs. We must be sure we are prepared to 
pay the bill. 

We do not in our society decide casually that people 
are spending too little on shoes or too much on hair 
tonic and commence legislation to set them right. Is 
there something special about education and research? 

I think there is. Knowledge is one of the few things 
that tends to escape the market. Partly this is because 
knowledge is usually embedded in people and we do 
not permit property rights in people. 

The public nature of knowledge is even clearer in 
the case of research. The more “basic” research is, the 
more the private yield is likely to fall short of the social 
yield. Under these conditions, even the most smoothly 
working market economy may tend to under-invest in 
education and research. 

One hea:s often of technical progress being held up 
or dissipated now by featherbedding and other restric- 
tive practices by labor organizations. There is little 
doubt that such practices impose a real burden on soci- 
ety by holding back potential output. But they stem 
largely from fear of technological unemployment, and 
this is a real thing, especially in the short run. A 
democratic society which wishes to eliminate feather- 
bedding has, I think, the responsibility to do what is 
necessary to ease the transitional burden on displaced 
workers—by retraining programs, assistance in mobil- 
ity, and (perhaps even more importantly) maintaining 
a high level of employment and a brisk labor market. 

One of the side effects of the kind of emphasis we 
have been placing on the productivity side of the ledger 
is a tendency to underestimate the importance of capi- 
tal formation in increasing output per head. Most 
methods for separating out the effects of technical prog- 
ress and investment fail to allow for the strong inter- 
dependence between the two. Sheer replication of capital 
goods of the same type may indeed have only a weak 
effect on aggregate output, but increased knowledge in 


blueprints into hardware may be equally unproductive. 
If this is so, then for any given rate of acquisition of 
knowledge, society can within limits speed up its rate 
of growth by stimulating investment, shifting the age dis- 
tribution of its stock of capital goods toward the young 
side, and converting obsolete capacity into the latest 
models. 

One source of extra output available to us right now 
is to get back to full employment. A high level of 
economic activity can have long-run effects on produc- 
tivity—because pressure on capacity stimulates invest- 
ment, and because lively markets for labor and goods 
help to break down restrictive practices and resistance 
to change. It could hardly hurt! 
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SUBJECT: 
FUTURES 


RICHARD FROTHINGHAM AND JOSEPH WOLFE TALK ABOUT THE 
FUTURE OF TRUST SERVICES —AND PERSONAL SERVICE —AT THE 


NEW ENGLAND MERCHANTS NATIONAL BANK 


Mr. Frothingham is a Senior Vice President and Mr. Wolfe a 
Vice President of the newly formed New England Merchants 
Bank. 


FROTHINGHAM: The old street hasn’t changed much, but 
if someone told me twenty years ago about all the changes 
there would be in banking trust service, I wouldn’t have 
believed it. 

WOLFE: Neither would I. But we’ve always said that a trust 
department should serve the public. And that’s just what 
we’re doing in our Bank by welcoming not only million-dollar 
accounts, but others as small as $5,000. 


FROTHINGHAM: I think it’s fitting that the New England 
Merchants is one of the first with new trust-service ideas. 
After all, Boston’s the cradle of trust business. 

WOLFE: Even though we are the oldest trust department in 
town—we certainly have a new approach. 
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FROTHINGHAM: And a sound approach, because it’s based 
on serving the entire investing public. A trust department 
today has to be in a position to assist everyone who needs 
personal trust service. 

WOLFE: Speaking of that, I listed some of our new services 
this morning for an interested customer. Our Investment 
Plan — for people with good earnings and small savings. Our 
Investment Plan with Life Insurance — which creates an 
immediate estate overnight .. . 

FROTHINGHAM: How about all of our new Common Trust 
Funds? And our Pension and Profit-Sharing Trusts have a 
new look, too. 

WOLFE: And don’t forget the service we aren’t charging 
anything for — our person-to-person service. 
FROTHINGHAM: And that’s one thing we'll never change. 


NEW ENGLAND MERCHANTS NATIONAL BANK 


135 Devonshire St., Boston MEMBER F.D.!I.C. 
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Multi-aperture ion 
engine operating 
in hard vacuum. 





ULTIMA THULE, |ON PROPULSION 
AND BASIC RESEARCH AT EOS* 


The ion engine is only one of the devices under devel- 
opment at EOS that is helping to push back frontiers, 
enabling us to delve deeper into physical phenomena. 
Being developed under contract, ion rockets will provide 
practical means of propulsion — helping achieve the 
ultimate goals of space travel. 


A basic, inseparable portion of all division activities 
at EOS, research alone can supply the answers necessary 
to the completion of our advanced projects. State-of-the- 
art solutions to specific problems are relatively easy to 
provide — taking only time and manpower. We prefer to 
follow the more exacting path illuminated by combining 
basic and applied research in reaching our objectives — 
finding that the answers and information uncovered 
open broad new areas for investigation and opportunity. 


*Electro-Optical Systems presently has positions on its Tech- 
nical Staff for PHYSICISTS, ELECTRICAL ENGINEERS, 
MECHANICAL ENGINEERS who are interested in advanced 
research and development programs and are experienced in the 
areas of 

Solid State Physics 
Materials Research 

Fluid Physies 

Electronic Systems 
Energy Conversion 
Advanced Power Systems 
Electrochemistry 
Quantum Electronics 
Re-entry Physics 


Scientists and Engineers are invited 
to contact Mr. Don Smelser at 


FE ELECTRO-OPTICAL SYSTEMS, INC. 
@ 132 NORTH VINEDO AVENUE 
S pasADENA, CALIFORNIA 


Individuals Noteworthy 


(Continued from page 4) 





New Posts 


NAMED in the news recently were 
the Alumni whose elections, promo- 
tions, and appointments foliow: 

Walter M. Saunders, Jr., ’22, as 
Metallurgical Director, Taft-Peirce 
Manufacturing Company, Woon- 
socket, R.I. . . . Frank R. Shaw, 
24, as General Sales Manager, 
Rust Craft Publishers, Dedham, 
Mass. . . . H. E. Weihmiller, °25, 
as Vice-president of The American 
Astronautical Society . . . Frank 
Marcucella, ’27, as President, John 
A. Volpe Construction Company 
and the Malden (Mass.) Evening 
News and Medford Daily Mercury; 

Leslie J. Weed, ’27, as Vice- 
presidential nominee, American In- 
stitute of Electrical Engineers . . . 
Lenvik Ylvisaker, ’27, as Vice- 
president, Research and Engineer- 
ing, Continental Can Company .. . 
Howard L. Richardson, ’31, as a 
Trustee, the New Britain Trust 
Company, New Britain, Conn... . 
Frank R. Cook, ’32, as head of a 
new Science Management Corpora- 
tion, Denver, Colo.; 

Ferdinand M. Johnson, '33, as 
Product Manager, Whitin Machine 
Works, Whitinsville, Mass. . . . Rich- 
ard S. Morse, ’33, as Assistant Sec- 
retary of the Army (Research and 
Development), Washington, D.C. 

. . David Ingalls, ’34, as a Direc- 
tor, Premier Microwave Corpora- 
tion, Port Chester, N.Y... . Eric J. 
Isbister, ’34, as Vice-president, Ra- 
diation Incorporated, Orlando, Fila.; 

Arthur R. Anderson, ’35, as a Di- 
rector, American Concrete Institute 
... William W. Smith, ’35, as Man- 
ager of Engineering and Develop- 
ment, The Electric Storage Battery 
Company’s_ Nickel-Alkaline  Bat- 
tery Division .. . Tzeng J. Suen, ’35, 
as Manager, Thermoplastics Proj- 
ect, American Cyanamid Com- 
pany’s Stamford Laboratories; 

Sidney Cornell, '36, as President, 
Solatron Incorporated, Cambridge, 
Mass. . . . W. Gardner Barker, ’37, 
as a Director and Chairman of the 
Finance Committee, Fifth Interna- 
tional Food Congress, Inc... . 
Rear Admiral Charles J. Palmer, 
’°37, as Commander, Portsmouth, 
N.H., Naval Shipyard; 

Norman B. Robbins, ’37, as Chief 
of Reconnaissance Projects, Con- 
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var... Colonel William F. Meany, 
'40, as Commander, San Francisco 
Ordnance District . . . H. Thomas 
Ware, Jr., ’42, as Manager of Plan- 
ning, IBM’s Advanced Systems De- 
velopment Division . . . Joseph F. 
Alibrandi, ’52, as Manager, South 
Lowell Missile Plant, Raytheon 
Company; 

Bernard F. Cassidy, ’52, as Man- 
ager of destroyer nuclear plant test- 
ing, Knolls Atomic Power Labora- 
tory . . . Stephen A. Kliment, ’53, 
as Editor, “Architectural & Engi- 
neering News”. . . Edwin P. Przyby- 
lowicz, 56, as member of the Scien- 
tific Committee, Kodak Research 
Laboratories. 


Student Planners 

CHAIRMAN of the committee of stu- 
dents planning Centennial affairs 
at M.I.T. is Jerome H. Grossman, 
‘61, and chairman of the Founder’s 
Day Convocation committee is Mi- 
chael L. Jablow, ’62. 

Peter R. Gray, ’61, is maintain- 
ing liaison between Institute and 
student Centennial committees and 
Robert G. Nagro, ’61, is secretary 
of the student group. Others active 
on it include James A. Champy, 
63, Thomas J. Lageman, °62, Ste- 
ven D. Levy, °62, Edward M. 
Schneider, °62, Neil K. Weather- 
bie, °62, Warren M. Zapol, ’62. 


Doolittle to Lecture 

THIS YEAR’S Lester D. Gardner lec- 
turer at M.I.T. will be Lt. Gen. 
James H. Doolittle, °*24, USAF 
(Ret.), a Life Member of the 
M.I.T. Corporation and Chairman 
of the Board of Space Technology 
Laboratories. His topic will be 
“Early Blind Flying,” and he will 
discuss some of the first experiments 
in instrument flying. The lecture 
will be given at 3:30 P.M., on 
April 28, in the Little Theater of 
the Kresge Auditorium, and will be 
open to the public. 

The Minta Martin Lecture was 
given on March 2 this year by W. P. 
Jones, superintendent of the Aero- 
dynamics Division of the National 
Physical Laboratory in England, 
and 1960-1961 Jerome Clarke 
Hunsaker Professor of Aeronauti- 
cal Engineering at M.I.T. His topic 
was “Research on Unsteady Flow.” 
This lecture will be repeated May 9 
at the Institute of the Aeronautical 
Sciences Building in Los Angeles. 

(Concluded on page 40) 
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METALLURGISTS 
PHYSICISTS 


Transitron’s growth — Transitron’s 
accomplishments in the electronic 
industry — are now known through- 
out the entire nation and Europe. 


New plants have been needed to 
accommodate _  Transitron's rapid 
growth. New people — experienced 
engineers, metallurgists, physicists 
are now needed by Transitron. And 
recent graduates who want a solid 
future in electronics within a strong, 
expanding firm, will find just that 
at Transitron. 


Whatever your future plans are 

whether you're experienced or inex- 
perienced — Transitron invites you to 
contact the Director of Technical 
Placement for a confidential discus- 
sion about your future at Transitron. 


‘Trangitron 


electronic corporation 


Albion Street, Wakefield, Mass., 245-4500 
Wakefield-Boston-Melrose, Massachusetts 
SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE 












































































Brooks Brothers present 
A NEW LIGHTWEIGHT SUIT THAT 
OFFERS MANY UNUSUAL ADVANTAGES 





As longtime leaders in lightweight Summer cloth- 
ing for men, we are proud to introduce the latest 
development in this field...a remarkable blend of 
yarn-dyed Dacron* polyester and Orlon* acrylic— 
exclusive with Brooks Brothers—that permits finer 
tailoring, greater wrinkle-resistance and more in- 
teresting colorings than has been possible up to now 
in @ washable suit. Included in the unusually attrac- 
tive selection—all excellent for town wear—are solid 
shades of navy, black or oxford grey; fine hairlines 
in olive, medium grey or dark brown; and medium 
grey or olive Glenurquhart plaids with maroon 
overplaid, $60 





*DuPont’s fibers 






ESTABLISHED 1818 


00S SOFMCIY 


CSSLOTBINGS 
Mens Furnishings. Hats % Shoes 


346 MADISON AVE., COR. 44TH ST., NEW YORK 17, N. Y. 
111 BROADWAY, NEW YORK 6, N. Y. 
BOSTON * PITTSBURGH * CHICAGO * SAN FRANCISCO * LOS ANGELES 


























Individuals Noteworthy 
(Concluded from page 39) 





Speaking on Computers 


THE FINAL LECTURES in a centen- 
nial series on “Management and the 
Computer of the Future,” arranged 
by the School of Industrial Manage- 
ment at M.I.T., will be given at 
M.I.T. in May. 

Sir Charles Percy Snow will dis- 
cuss “Scientists and Decision Mak- 
ing” May 5. Dean Howard W. John- 
son will preside and discussants will 
be Professors Elting E. Morison and 
Norbert Wiener. 

Professor George W. Brown, Di- 
rector of the Western Data Process- 
ing Center at the University of Cali- 
fornia, Los Angeles, will speak May 
8 on “The Changing Structure of 
Computer Programs for Describing 
Complex Processes.” Professor Phil- 
ip M. Morse will preside and discuss- 
ants will be Professor Michael P. 
Barnett and Dr. Grace M. Hopper. 

Professor Nicholas C. Metropolis, 
Director of the Institute of Comput- 
er Research, University of Chicago, 
will speak May 16 on “Trends in 
Computer Design.” Dr. Emanuel R. 
Piore will preside and discussants 
will be Dr. Gene M. Amdahl and 
Professor John McCarthy. 

Dr. John R. Pierce, Director of 
Research—Communications Princi- 
ples, Bell Telephone Laboratories, 
will speak May 22 on “What Com- 
puters Can Do Better.” Dr. Vanne- 
var Bush, °16, will preside and dis- 
cussants will be Professors Walter 
A. Rosenblith and Ciaude E. Shan- 
non, *40. 


Staff Appointments 


M.I.T.’s VICE-PRESIDENT and Treas- 
urer Joseph J. Snyder, °44, has an- 
nounced the appointments of John 
A. Little as Associate Comptroller 
and John P. Donahue as Assistant 
Comptroller of the Institute. Activi- 
ties heretofore divided between the 
Research Fiscal Office and the Ac- 
counting Office are now being con- 
solidated. 


In Liaison Office 


THOMAS YONKER, ’56, has joined the 
M.1.T. Industrial Liaison Office’s 
staff. After receiving his degree in 
Mechanical Engineering, Mr. Yonk- 
er was development engineer for the 
AiResearch Division of The Garrett 
Corporation. 


THE TECHNOLOGY REVIEW 

















lis- 


vill 
ind 


Di- 
SS- 
ali- 
lay 

of 
ing 
ril- 
SS- 


er. 
lis, 


£0, 
in 


nts 


he 
e’s 


1k- 


he 
ett 


Ww 











Comfort 
The 
Next 
Eight 


Months 





PLEASE NOTE... 


Visit our shoe department... . 
slip out of your winter-weights 
and into a pair of summer Bos- 
tonians . . . you'll enjoy their 
comfort and new styling. 





Join — Buy — Save 


8% or 10% 


The 





this fine quality 
Tropical Weight Suit 
55% Dacron—45% Worsted 


The fine blend of 55% Dacron Polyester fibre and 
45% pure worsted makes this a suit for men of all 
ages . . . a suit that easily spans the seasons, offering 
warmth without weight and complete comfort when 
the mercury moves up. There’s eight months of wear- 
ability in this Freedberg all-season suit . . . hand 
tailored in the New England tradition and crafted 


with impeccable skill. 
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Since I 933, The M.LT. Press 


has published books by M.1.T. professors. Our 


authors include: 


Francis Bitter © John Burchard 


Sanborn Brown 
Robert Fano 
Ernst Guillemin 
Henry Houghton 
W. D. Kingery 
Philip Morse 

J. F. Reintijes 

W. W. Rostow 
C. Fayette Taylor 
Robert Woodbury 


© Stephen Crandall 

© Truman Gray 

® George Harrison 

© John Hrones 

© Kevin Lynch 

© Samuel Prescott 

© Walter Rosenblith 
e J. A. Stratton 

© Arthur Von Hippel 


© Norbert Wiener 


and many others. Write Room 14N-325, M.LT. 


for a catalog. 
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A Day Beneath the Reactor 
(Concluded from page 28) 


words transform the anteroom once more into a hive 
of activity. General talk stops; the nurses hurriedly pre- 
pare the equipment for re-entrance into the operating 
room. “Three minutes to go,” Dr. Sweet calls. as he 
pulls off his gloves, washes his hands, and puts on an- 
other pair of rubber gloves. 

At 12:35, Charlie Porter presses the controls to close 
the water, boral, and lead shutters. The medical ther- 
apy room door is opened. Ed Karaian and Pat Coggio 
enter first, monitors in hand, measuring the level of 
radiation at the patient’s head. Charlie Porter lowers 
the operating table by rotating a valve. The table is 
swung back into operating position; Drs. Sweet and 
Ojemann move to their operating positions; Mrs. Ham- 
bro arranges the surgical instruments before her. The 
skull collimator and lithium fluoride bags are removed 
and the balloon is taken out; the brain is again open to 
view. The badges and monitors are taken off the pa- 
tient’s body. At 12:45, Dr. Sweet begins removing the 
gold foils and wires, dropping them into a can held by 
Les Parker. 

“Any visible effects on the cancerous tissue?” a voice 
inquires. 

“No,” comments Dr. Sweet, as he prepares to close 
the critical area. The irradiation is complete, only the 
closure of the wound remains. After several minutes of 
cleaning the open area, the doctors begin suturing the 
dura mater, one stitch at a time, a new curved needle 
for each suture. Mrs. Hambro is kept busy threading 
the needles. 

The girl’s heartbeat is very fast; she is breathing with 
difficulty. Dr. Todd gives artificial respiration; the girl’s 
temperature is taken. The dura mater is sutured, the 
skull piece is put back in place, the scalp is sutured 
with wire. The doctors do not look up for a second. By 
2:00 P.M., the wound is closed; all appears satisfac- 


tory. 
ww YW 


The green drapes are removed from the patient as Dr. 
Sweet wraps the girl’s head in bandages; anesthesia is 
discontinued. At 2:10, the girl is wheeled out of the 
operating room and into the anteroom. Within minutes, 
she moves one leg. Dr. Sweet leaves and returns to the 
anteroom, cap off, glasses off, mask off, already in his 
overcoat. 

The patient is lifted onto the stretcher and once more 
is wheeled onto the elevator, on her way back to the 
Massachusetts General Hospital. Drs. Sweet, Ojemann, 
and Walzer accompany her in the ambulance. 

This was one of the first treatments of a cancer pa- 
tient at the M.I.T. Research Reactor, one of the first 
ever in this particular way. The operation went smooth- 
ly, the irradiation was according to plan. Will the irra- 
diation treatment be a success? No one knows; every- 
one hopes it will. A brain tumor of the type that has 
been treated ordinarily would have taken its toll before 
very long. It will be many months, even a year or two, 
before a judgment can be made as to the success of the 
treatment. Has the cancerous tissue been destroyed? 
Will the tumor grow back again? Only time will tell. 
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Dad is home from a busy day ... spent mostly client's needs. And, like these professional men, 
in helping other Dads. Showed one father how he brings to his work thorough training, dis- 
Dr to be certain there will be money for college cretion, understanding — and a readiness to 
a when his kids need it. Helped another man make _ put in extra hours when it will help. 

a IS sure his wife will have an income as long as she Somehow he finds time to be a good citizen, 
the lives. Guided another in planning a worry-free too. Glad to do his share of the community 
tes, retirement. Worked with another father in mak- work that makes his town a fine place to raise 
the ing sure his son will inherit his business. a family. 

his Important, satisfying work. He's got to be good — to be good enough 
, He's a Massachusetts Mutual man. Like the for Massachusetts Mutual. And he’s at your 
ore doctor and lawyer, he fits his services to each _ service. 


the 


nn, MASSACHUSETTS MUTUAL Zéfe Insurance Company 


SPRINGFIELD. MASSACHUSETTS +: ORGANIZED 1851 
pa- 
first Some of the Eastern Group alumni in Massachusetts Mutual service: 
oth- 
rra- 


LAFAYETTE LEHIGH M. I. T. 
David B. Adler, C.L.U., °17, Orlando Russell E. Hoaster, C.L.U., °31, Lyman L. Tremaine, C.L.U., '23, 
mg! Frederic F. Lawall, "22, New York San Antonio New York 
has David K. Aldrich, C.L.U., °38, Edward Billstein, Jr., "40, Atlanta Harold Goodheim, "39, San Francisco 


fore POTS 
a Allentown R. Lester Dodson, Jr., ’44, East Orange Harold G. Ingraham, Jr., "49, 
wo, Frank W. Hiller, "43, Home Office Home Office 


- Benjamin C. Youngman, °44, Pittsburgh 
ed? Richard A. Faust, 56, Binghamton 
Aman M. Barber, Jr., 59, Wilkes-Barre 


John L. Hegeman, Dayton 
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OSCILLATOR RESONANT 
STABILIZER RELAY 


BARNSTEAD 
ENGINEERS PURE WATER 
1come Gelli ay i tei diley-Vare). b 


> 


PHILCO CORP’S Lansdale Tube Division uses this “Train” of 
Barnstead Pure Water equipment in various manufacturing cycles. 
Operating cost is low because the greater part of the process 
water is repurified and fed back into the system for re-use. 
This “Train” includes a Barnstead 20 GPH High Purity Still, 150 
gallon, heated, ultra-violet equipped tank to prevent growth of 
bacteria, two BD-10 Holders with special high purity Supercart- 
ridges®, an MF® 200 Submicron Filter, and Heat Exchanger. 
Another example of Barnstead’s versatility in lowering manufac- 
turing costs. 


A. White, °26 

T. Hartwell, ’28 
N. A. Everett, ’48 
V. C. Smith, *48 
S. Beran, °58 


RMBarnstead 


STILL AND STERILIZER CO. 
2 Lanesville Terrace, Boston 31, Mass. 


Institute Yesteryears 
(Continued from page 32) 








ing the opening address by President Richard C. Mac- 
laurin on the afternoon of the 10th in Huntington 
Hall of the Rogers Building in Boston, The Review 
noted that there “came a paper by Professor William 
H. Walker, Director of the Research Laboratory of 
Applied Chemistry, on ‘The Spirit of Alchemy in 
Modern Indusiry.’ The last paper of the afternoon was 
on ‘Technology and the Public Health,’ by Professor 
Charles-E. A. Winslow, 98. . . . 

“The papers delivered on the second day of the 
Congress were Civided into five sections: 

“A. Scientific Investigation and Control of Indus- 
trial Processes, under the direction of Professor Walker, 
chairman; 

“B. Technolozical Education in Its Relations te 
Industrial Development, Professor Arthur A. Noyes, 
°86, chairman; 

“C. Administration and Management, 
Davis R. Dewey, chairman; 

“D. Recent Industrial Development, Professor Du- 
gald C. Jackson, chairman; 

“E. Public Health and Sanitation, Professor Wil 
liam T. Sedgwick, chairman; and 

“F. Architecture, Professor F. W. Chandler, chair- 
man... . 

“The culminating event of the semi-centennial cele- 
bration was the great banquet in Symphony Hall. . . 
attended by about 800 alumni and friends. . . .” 


Professor 


75 Years Ago... 

ONE OF “the most healthful, fascinating, and deserv- 
edly popular sports of the day is lawn tennis,” declared 
the editor of The Tech in his issue of April 1, 1886. 

“Between the Rogers’ and the new building [later 
named Walker Building after President Walker's 
death] is a plot of land which can never be built upon, 
plenty large enough for four courts. We ask, “Why can- 
not we have the use of it?’ In reply, three reasons are 
given for not granting this: 

“First. It would spoil the looks of the lawn... . 

“Second. It is said that tennis between the two 
buildings would take the attention of the students from 
their work... . 

“Third. It would tempt the fellows to cut recitations. 
So it would, and probably some would yield to the 
temptation, but the proportion of this class would be 
very small. There are many who have an hour between 

(Concluded on page 46) 
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What comes in a Catalina? 
Wide-Track balance and roadability! Trophy V-8 performance! 
Greatly improved gas mileage! Yours only in a Pontiac. 
Yours easiest in a Pontiac Catalina. Yours is ready for you 
now at your fine Pontiac dealer's. 


PONTIAC—THE ONLY WIDE-TRACK CAR 


Pontiac has the widest track of any car. Body width 
trimmed to reduce side overhang. More weight balanced 
between the wheels for sure-footed driving stability 


PONTIAC MOTOR DIVISION + GENERAL MOTORS CORPORATION 


1961 



















SYSKA & HENNESSY, INC. 


Engineers 
John F. Hennessy ’24 John F. Hennessy, Jr. ’51 














DESIGN ° CONSULTATION ° REPORTS 
POWER PLANT * WASTE DISPOSAL * WATER SYSTEMS 
New York City 




















STARTING A NEW BUSINESS? 


Large or small—insure it with 


BREWER & LORD 


40 Broad Street 
Boston, Massachusetts 
NORMAN STOLZ XV ‘49 


















CHAUNCY HALL SCHOOL 


Founded 1828. The School that specializes in the preparation 
of students for the Massachusetts Institute of Technology. 


Ray D. Farnsworth, Principal, 533 Boylston Street, Boston, Mass. 








Institute Yesteryears 
(Concluded from page 44) 





recitations which could be much better used at lawn 
tennis than by playing pool in the ‘chapel.’* 

“By all means, let us have the ground between the 
two buildings for tennis!” 
@ The editor’s moving plea was effective for in his 
following issue of April 15 he announced that the Faculty 
had “allowed the use of the ground [for tennis] for 
the present school year subject to provisions”—which 
were that the tennis players form an association with 
an “initiation fee of $2”; that the association “employ 
an assistant to keep the grounds in order, including 
watering the lawn”; and, lastly, that the association 
“pay all damage to windows resulting from the games.” 


100 Years Ago... 


ON APRIL 10, 1861, the legislative Act of Incorpora- 
tion (Chap. 183, Acts and Resolves of 1861) was 
signed by Governor John A. Andrew, whereby William 
Barton Rogers, and other members of his Committee 
of Twenty, and “. . . . their associates and succes- 
sors, [were] hereby made a body corporate, by the 
name of the Massachusetts Institute of Technology, 
for the purpose of instituting and maintaining a society 
of arts, a museum of arts, and a school of industrial 
science, and aiding generally, by suitable means, the 
advancement, development, and practical application 
of science in connection with arts, agriculture, manu- 
factures, and commerce; . . .” 


* ‘Chapel,’ until the Institute removed to Cambridge in 1916, 


was the term commonly applied to the lounge bar of the Hotel 
Brunswick, on Boylston Street facing Rogers Building. Its en- 
trance door was under a Gothic arch. 




















ALEXANDER KUSKO, INC. 
Consulting Engineers 
141 Main Street Cambridge 42, Mass. 
ELiot 4-4015 
Research and Development in 


Magnetics Transistor Circuits 
Electric Machinery Control Systems 
Instrumentation Power Supplies 
A. Kusxo ’44 J. P. Brake, ’54 
J. A. Gauper ’56 G. V. Woon.ey ’55 


kK. Becienu ’59 











Pattie H. Ruopes & ASSOCIATES 
Consulting Chemists 
Specializing in 
Resins and polymers. Raw materials, 
process and product development, 
Application and Marketing. 
2861 SIDNEY AVENUE CINCINNATI, OHIO 


Puitie H. Ruopes °35 
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PROFESSIONAL CARDS 





JACKSON & MORELAND, INC. 
JACKSON & MORELAND INTERNATIONAL, INC. 
Engineers and Consultants 
ELECTRICAL—MECHANICAL-STRUCTURAL 
DESIGN AND SUPERVISION OF CONSTRUCTION 
UTILITY, INDUSTRIAL AND ATOMIC PROJECTS 
SURVEYS—APPRAISALS—REPORTS 
TECHNICAL PUBLICATIONS 
WASHINGTON 














BOSTON NEW YORK 


FAY, SPOFFORD & THORNDIKE, INC. 
Engineers 


Airports, Bridges, Express Highways 
Water Supply, Sewerage and Drainage Systems 
Port and Terminal Works 
Industrial Plants Incinerators 


Designs Investigations 
Supervision of Construction 


11 Beacon Street Boston, Massachusetts 





EapizE, FREUND & CAMPBELL 
Consulting Engineers 

New York 36, N. Y. 

Mechanical--Electrical—Sanitary 


500 FirtrH AVENUE 


Air Conditioning—Power—Process Layouts 
James K. Campbell ’11 


CapiToL ENGINEERING CORPORATION 
Consulting Civil Engineers 


DILLSBURG, PENNSYLVANIA, U.S.A. 


Rozert E. Smitru °41, President 





METCALF & EDDY 
Engineers 


Soils, Foundations, Waterworks, Sewage Works, 
Drainage, Irrigation, Flood Control, Refuse, 
Industrial Wastes, Airports, Highways, Military 
Projects, Industrial and Commercial Facilities. 
STATLER BuiLpING, Boston 16, MASSACHUSETTS 


MAURICE A. REIDY 


Consulting Engineers 


BRIDGES BUILDINGS 
STRUCTURAL DESIGNS FOUNDATIONS 
CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 


Estimates and Appraisals 


101 TREMONT STREET BOSTON, MASS. 





THE KULJIAN CORPORATION 


Engineers ¢ Consultants ¢ Constructors 
UTILITY @ INDUSTRIAL ® CHEMICAL 


Power Plants (Steam, Hydro, Nuclear), Public 
Works, Processing Plants, Oil Refineries, Tex- 
tile Plants, Institutions, Highways, Expressways, 
Airports & Facilities, Military Installations. 
H. A. Kuryiaw °19 A. H. Kuryian °48 


1200 NO. BROAD ST., PHILADELPHIA 21, PA. 


CHARLES NELSON DesBes AssOcIATEs, INC. 
Engineers and Architects 


Structural, Electrical, Mechanical, Acoustical 
Industrial, Commercial and Municipal Projects 


915 EAST STATE ST. ROCKFORD, ILL. 
C. N. Deses ’35 








GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Matcotm G. Davis ’25, Vice President 
Atien W. Rew ’l2~ E. C. Epcar ’35 
Steam, Hydro, Diesel, Nuclear Power Plants; Industrial 
Structures; Plant Safety, Utility Rates, Valuations, Reports; 
Purchasing; Chemical Laboratory 


New York @ READING, PA. @ Washington 


Moran, Procror, MugEser & RUTLEDGE 
Consulting Engineers 
Foundations for Buildings, Bridges and Dams; 


Tunnels, Bulkheads, Marine Structures, Soil Studies and 
Tests; Reports, Design and Supervision 


Witut1aM H. Mueser ’22 Puyir C. RutLepce '33 
415 Madison Ave., New York 17, N. Y. 





FaBric RESEARCH LABORATORIES, INC. 


Research, Development, and Consultation 
In the Fields of Fibrous, Organic, and Related Materials 
1000 Providence Highway Dedham, Mass. 
(At Route 128 and U.S. 1 Interchange) 


W. J. HamsBurcer, ’21 K. R. Fox, ’46 E. R. Kaswe.ui, ’39 





BREWER ENGINEERING LABORATORIES 
Consulting Engineers 
Electric Strain Gage Testing @ Stress Analysis 
Strain Gage Amplifiers @ Strain Gage Switches 
High Temperature Strain Gages 


MARION, MASS. 
G. A. Brewer °38 


TEL. 103 
J. D. IxncHam °43 








LAUREN B. HitcHcock ASSOCIATES 
Chemical Engineers 


Industrial Research & Development 

Technical & Economic Evaluations 

Acquisitions of Processes and Plants 
Commercial Chemical Development—Air Pollution Control 
Technical Advisor, Joan H. SCHAEFER '26 


New York 17, N. Y. 


Lauren B. Hircucock ’20 


60 East 42nd Street 
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CLEVERDON, VARNEY & PIKE 
Consulting Engineers 


Hersert S. Cievernvon °10 
Joun A. Dow °23 Hanotp E. Proctor °17 


Structural Designs Foundations 
Heating, vores Electric and Plumbing De- 
signs, Industrial Buildings, Reports, Investigations 


120 TREMONT STREET BOSTON 8, MASS. 


Waxpo F. Prxe °15 


47 












BASIC STUDIES IN 







































individual staff. 





Present research activities in Communications Techniques 
include: 


OPTIMUM ANTENNA SYSTEMS FOR TROPOSPHERIC SCATTER 


Theory involves a wide class of fading signals. Optimum systems, 
shown to exist in principle, surpass present diversity systems by 
perhaps 5-15 db. Major efforts involve analyzing fade-induced sig- 
nal fluctuations for various receiving configurations, including 
both various diversity systems and more novel techniques thought 
to be closer to the optimum. 


COMMUNICATION FEEDBACK TECHNIQUES 


Various system concepts being examined as promising alternatives 
to redundant coding for error correction in digital communications 
links. Both repeat request and average improvement types of sys- 
tems are being studied, including unsolved problems associated 
with fading and noise on the feedback channel. 


MODULATION SYSTEMS FOR SATELLITE RELAY COMMUNICATIONS 


Study of advanced signal modulation techniques for use in satellite 
relay communication systems. A special emphasis is being placed 
on techniques with reduced vulnerability to interference, and rela- 
tion to various problems of synchronization and possible applica- 
tion for adaptive (communication feedback) techniques. 


Staff appointments at the advanced degree level 
are open in all engineering and scientific groups 
at the Laboratory. For complete information, 
please write to: 

DR. L. S. SHEINGOLD, DIRECTOR 
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COMMUNICATIONS 
TECHNIQUES... another 


accelerating area of research at 


Sylvania’s APPLIED RESEARCH 
LABORATORY 


At ARL, basic research in applications 
in statistical communication theory 
offers liberal opportunities for original work. 

As the central research facility for Sylvania Electronic 

Systems, ARL’S multi-disciplined staff covers an unusual range of short 
and long range studies in commercial and military areas. 





ARL 


Applied Research Laboratory 


A new laboratory now being constructed at Waltham, Massachusetts 
will substantially increase the research activities of this highly 








Indicative of the calibre of the laboratory studies in communica- 
tion techniques and the opportunities for individual scientific 
research, the following is a list of some papers recently accepted 
for publication in the literature: 


® Distortions of Angle Modulated Signals in Misaligned Linear 
Filters, accepted for publication in Transactions IRE, PGCs. 


g@ Frequency Differences Between Two Partially Correlated Noise 
Channels, accepted for publication in Transactions IRE, PGIT. 


@ Binary Error Rates in Fading FoM-FM Communications, ac- 
cepted for publication in Transactions IRE, PGCS. 


ws Binary Error Rates in Fast Fading FpM-FM, accepted for publi- 
cation in Proceedings IRE (correspondence). 


@ On the Approach of a Filtered Pulse Train to a Stationary 
Gaussian process, accepted for publication in Transactions IRE, PGIT. 


®@ A Theory of Antenna performance in Scatter Type Reception, 
accepted for publication in Transactions IRE, PGAP. 


@ Some Results in the Problem of Discriminating between Two 
Gaussian Processes, accepted for publication in Transactions IRE, 
PGIT. 


Communications scientists and engineers at ARL enjoy helpful 
inter-disciplinary relationships with other research groups: 


MATHEMATICS + SYSTEMS RESEARCH + DATA PROCESSING - 
ENGINEERING RESEARCH + RADIO PHYSICS 


APPLIED RESEARCH LABORATORY 


SYLVANIA etectronic systems 


Government Systems Management 


for GENERAL TELEPHONE & ELECTRONICS. 










100 First Avenue, Room 4-C - Waltham 54, Massachusetts 
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Uhde 120,000 Ampere Mercury Cell parts arriving at the Port of New York 


ANOTHER EXAMPLE of the part Hoechst-Uhde plays in the chemical industry — 
providing special equipment, fabricated to specifications established by 
production experience, and with design adapted to local requirements. 
Let us apply production experience to your process problems. 


PROCESSES: PETROCHEMICAL ° FERTILIZER ° CHLOR-ALKALI * ORGANIC ° INORGANIC 


HOECHST-UHDE CORPORATION 14 350 FIFTH AVE., NEW YORK, N.Y. 
"TOMORROW'S CHEMISTRY FOR TODAY'S INDUSTRY” 











Random-Noise Generator 


MULTIPLY 
0.001 ou 


2.0001 te 


e ELECTRICAL MEASUREMENTS « ACOUSTICAL MEASUREMENTS 
e ENVIRONMENTAL TESTING e STATISTICAL INVESTIGATIONS 


wo 


FREQUENCY RANGE: 
20 cps to 20 kc, +Ildb (5 to 20 cps, +2db); 
SINUSOIDAL WAVE 20 cps to 500 kc, +3db; 
4 20 cps to 500 kc, +3db; 500 kc to 5 Mc, =8db 


° 


SPEECH IN | 
LIVE STUDIO 


OUTPUT VOLTAGE: 3 volts, 20 kc; 2 volts, 500 kc 
1 volt (minimum), 5 Mc 


ao . OUTPUT IMPEDANCE: Source Z for max. output is 
 eiReae gares = approximately 9002; for attenuated output, 2002. 


—S—<anoom NOISE > 
10 ACCESSORIES SUPPLIED: Panel extensions for relay 
NSTANTANEOUS AMPLITUDE rack mounting (7-inch height for 19-inch relay-rack). 


RELATIVE TIME AT EACH 
INSTANTANEOUS AMPLITUDE 


The Random-Noise Generator, mounted in a test console, aids in 
checking out automatic astro-navigation systems for the Convair 
supersonic B-58 “Hustler” built for the Air Force. 

Since the photoelectric cell used as the primary sensing element in 
this navigation equipment must detect very weak star signals in the 
presence of existing large background noise, any additional random 
signal which may become superimposed is of paramount importance. 
The Random-Noise Generator’s output simulates such operating noise 
making this instrument an essential component for determining the 
effect of photomultiplier or other noise. 

The Generator also serves as an important unit in various other 
Kollsman laboratory and production test consoles. It is used for align- 
ing signal amplifiers, filters, and other elements of the “*Astro Compass,” 
to test rotary components, and to check fast switching relays to see 
where noise is being emitted. 





Photo courtesy Kollsman Instrument Corp. 
if you would like to know whether the Random-Noise Generator will fit your needs, 


write or phone any of the offices given below. 


GENERAL RADIO COMPANY [ite test instrmens 


WEST CONCORD, MASSACHUSETTS In Electronics 
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